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OF the various books published on that important and national 
subject the Steam Engine, there is not one in our own or any foreign 
language, which I consider as a fully satisfactory illustration of its 
principles; it is therefore only requisite for me to state this fact to . 
render any apology unnecessary for the work I now offer to the no- 
tice of the Public. 1 have frequently and successfully claimed atten- 
tion as an author ; and in this case T hope to meet with equal success, 
and to shew by the labour and attention I have bestowed on this impor- 
tant subject, how highly I value the ostensible character I have ac- 
quired, and the extensive encouragement I have received. 

It has been too common of late for mathematicians to complain of 
want of patronage, and to censure official authorities for not encou- 
raging science, forgetting that research will always be estimated by 
its intermediate utility; and while they continue to confine their atten- 
tion to abstract knowledge, while they do not devote a greater part 
of their time to its application to the wants and the welfare of so- 
ciety, they must be contented with a small share of those advantages 
which result from combining with practical skill, the power afforded 
by abstract reasoning. They should recollect that a Watt could have 
earned no fame, in an age nor in a country where the value of mecha- 
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nical power was unknown. In following the application of science 
to art, I have not, however, I hope been unsuccessful in adding also 
to the stores of pure science ; and, so tar from being insensible to the 
value of abstract research, I wish it to be pursued with redoubled vi- 
gour by those who have spirit to break through the prejudices of 
existing systems, and study from nature : but it should be cultivated 
with a desire to promote the great end of human research, that is, 
the improvement of the condition of man; otherwise the fantasies of 
the Greek philosophers might with equal force claim the student's 
regard. 

I hope these remarks will tend to encourage those who pursue 
knowledge, whether with the energy of youth or the more steady en- 
thusiasm of riper years; and as all nature, so all art, must ever be the 
result of those immutable proportions and laws of action which it has 
pleased our Creator to impress on matter, its objects are truly bound- 
less. Our imperfection consists generally in not being able to foresee 
all the circumstances which have an influence on the eiTects of causes; 
but in proportion as we proceed in knowledge, we also acquire greater 
powers of perception : that which was at first difficult becomes easy, 
and the mind is often roused by the bright gleam of truth, breaking 
as it were accidentally upon a mass of obscure ideas, and rendering 
the true solution of the difficulty at once obvious ; and as my gifted 
countryman Emerson has remarked, "the labour and fatigue of seek- 
ing after it instantly vanishes." 

I proceed now to give some idea of this work. It appears to be 
large for its object ; but, though confinetl to a single source of power. 
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that power is gigantic, and involves so many new and important doc- 
trines in mechanical science and practice, that it was impossible in 
justice to comprise it in less space. The work is in Ten Sections. 

In the First, the history of the progressive improvement of the steam 
engine is traced, from the period of its first suggestion by the Marquis 
of Worcester, to its present state of high perfection. 

The Second Section presents an analysis of the nature of steam and 
of other species of vapour; the laws of their combination with heat, 
and of their elastic force, density, and comparative power ; with the 
principles of calculating their velocity when in motion, loss of force 
by cooling, &c. In this section it is shewn that water is of all other 
known fluids that best adapted for producing steam. 

The Third Section treats of the laws of combustion, and of the effect 
of different species of fuel in producing steam ; the proportions of fire 
places and chimneys of boilers, and the precautions necessary for their 
security and effect : the nature and application of safety apparatus is 
fully discussed. The section closes with a developement of the prin- 
ciples of condensing steam. 

In the Fourth Section, the power afforded by a given quantity of steam, 
and all the methods of developing it, are illustrated both in a popular 
and scientific manner ; and the theoretical defect of the rotary action 
of steam, is investigated. The various modes of applying the power 
of steam are shewn, with a classification of engines; and the velocity 
and proportions which give a maximum of effect in engines, as well 
as the nature and office, and the power lost in working the air pumps 
of engines, are investigated. 
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The Fifth Section treats of the construction of the essentially differ- 
ent varieties of noncondensing steam engines; these engines are all of 
the high pressure kind, and the causes of loss of power, and means of 
employing steam to the best advantage, and the mode of calculating 
the power and proportion of the parts, are given in detail for each 
species. 

The Sixth Section treats, in like manner, of the construction, propor- 
tions, power, and economy of condensing engines : in these sections, 
for the first time, those minute causes which atfect the action of steam 
are not only stated, but are reduced to measure ; and I trust in such a 
manner as to be most useful, both to those who wish to apply, and to 
those who wish to improve, the steam engine. 

In the Seventh Section, the proportions and construction of the 
parts of steam engines are considered, as of cocks, valves, slides, pis- 
tons, stuffing boxes, &c. ; aI.so the modes of opening and closing 
valves, and the like, followed by a description of the different kinds 
of piston-rod guides, and an investigation of crank motions, and of 
the combinations for producing parallel motion. Also practical rules 
for the strength of the various parts of steam engines are added, and 
especially for boilers of different kinds. 

The E*g/t/A5^ec<io«treats, First, of the modes of equalizingtlie action 
of thesteam engine, as by fly wheels or counter weights. Secondly, of 
regulating the power of engines, as by valves, governors, regulators, 
&c. Thirdly, the method of ascertaining the state and intensity of 
the forces in engines, and the means of measuring their effective 
power. And, Fourthly, of the mode of working a steam engine. 
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The JTinth Section illustrates the application of steam power, to rais- 
ing water, to the drainage and butiiness of mining, to impelling ma- 
chinery for inanufactnring and for agricultural purposes, and its ap- 
plication to land carriage by means of railways. 

The Tenth Section is on steam navigation ; and the stability of ves- 
sels, their resistance to motion in fluids, the means of propelling them, 
and the modes of proportioning the power to the effect, are investiga- 
tions altogether new ; and of necessity so, for the theory of the resist- 
ance of fluids hitherto taught in schools, is erroneous and cannot be 
applied. I have therefore endeavoured to explain the methods of my 
own researches in popular rather than strictly scientific discussions, 
reserving for a sepai-ate work the full developement of my views on 
this important branch of science. 

The tables will be useful in practice, and the plates are accompa- 
nied by descriptions, so as to render them of easy reference, and also 
to enable me to refer to the parts of the work which they tend to 
illustrate. 

I am indebted to the friendly assistance of some of my professional 
brethren for access to information, which otherwise I could not have 
obtained : in a few instances, their favours arrived too late, except for 
my own satisfaction in finding that they conformed to the principles 
laid down in this treatise; of Mr. Bevan's interesting experiments on 
the resistance of boats I have given only part, because the others 
were evidently affected by the limited section of the canal. One of the 
plates (XIII.) was furnished by Mr. White, Engineer, and a few of the 
others are selected from the very accurate plates drawn by Clement, 
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and published in Partington's History of the Steam Engine ; the rest 
are engraved from my own drawings, and are aided by a great num- 
ber of wood engravings on the pages. 

My great object has been to lead the reader to study the principles 
of the steam engine, aiid to furnish him not only with materials for 
study, but also with methods of reasoning, and in sufficient variety to 
enable him to examine any new case likely to occur ; and in propor- 
tion to the care and pains he bestows on the inquiry, he will feel the 
advantage of the few steps I have taken in this interesting and im- 
portant subject. 

I shall conclude in the language of Sir Isaac Newton, oh a greater 
occasion, " I heartily beg that what I have here done may be read 
with candour, and that the defects I have been guilty of upon this 
difficult subject may not be so much reprehended as kindly supplied, 
and investigated by new endeavours of my readers.'' 



16 Grove Place, 

LissoN Grove, London. 
August 13, 1827 



THOMAS TREDGOLD. 
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MEASURES, WEIGHTS, &c. USED IN THIS WORK. 



Temperature is measured by degrees of Fahrenheit's scale, of which the freezing pdiul is 
82", and the boiling point 212^ 

^ Heat is measured by the degrees the same quantity of heat would increase the temperature 

of a given quantity of water at 60^, with the barometer at 80 inches. 

^' Mechanical power is measured by the elementary horse power, as settled by Mr. Watt* 

A horse power is = 83,000 lbs. raised one foot high per minute, or = 550 lbs. 
raised one foot high per second ; and a day's work of a horse is this power acting 
eight hours. 

This horse power is, in French measures, 4661 kilogrammes raised one metre high per 
minute* 

The pound is the avoirdupois pound, = 7000 troy grains, = *4585 French kilogrammes. 

The foot is = -8048 French metres. 

An atmosphere is 80 inches of mercury = *762 French metres. 
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SECTION I^ 

r 

AN ACCOUNT OF THE INVENTION AND PROGRESSIVE IMt^ROVEMBNT OP 

THE STEAM ENGIltE. 

■ • • • 

Aftt. l,-— tV H£N an efBcient mecbaqical power is produced by the generatioD, or 
genei^tioB and condensation, of the steam or vapour of any liquid, the combination of 
ressels and machinery for that purpose, is called a Steam Engine. This engine was for a 
considerable time after its invention called a Fire £ngine, ^nd not improperly, for the 
active agent is, heat or fire, llie liquid almost universally employed for obtaining steam is 
watelr, but it may b^ obtained froiii lilcohol, ether, and oth^r fluids ; fortunately, hpwev^r, 
water, the most ^sily procurisd, is equal if not superior to any other. 

2. — That the application of beat Would generate steam from, watei^,, and that the steam 
so generated would isssue with much force firota i stnall apertui^ in the vessel employed to 
generate it in, most have been known at a Very early period. The eolipile, and. some other 
similar instruments for illustratinsf natural iih^homeba, were well known amomr the 
Egry^ians, Greeks, and Romans. Vitruvius, who wfote during the r^igti of Augustus 
Cfiesar, refers to the eolipile as an iflustration 6f the effect of heat in ptoducing winds;* 
but he clearly had no idea of steam beih^ r^nder^d useful as a mechanical power. Philibcxt 
de rOrme proposed placing aA eolipile over a fire as a toieaiis of {ntpelling smoke up a 
chimney ,*f and several applications of thid inslmteent are de^ribed in the works of Solomon 
de Cans; Brancas, Yku Drebbel, and various other writers, the greater part of whom are 
mentioned by M. Montg^ry^ an author, who hsis been at considerable troublie to she~^ that 
idi^ invention of the steam engfin^ is not of English orig^'n. 

« Vitrariiis, lib. 1. 1^. vi. t TrmitA d*Aiehiteetiir«, folio, Pluit, W7. 

% Notice hittoriqae fir rinreiUioii det maebinM k Taysar. 

B 



THE HISTORY OF 



[sect. I. 



3. — But unless it be shewn that an en^ne had been actually invented, and was un- 
doubtedly applicable to some of the purposes fur which the steam engine is now employed, 
and for which alone it has become valuable, it appears to be mere trifling to search for 
anlhorities, and absolutely unworthy of occupying the lime or attention of a man of real 
science. The blast of an eolipile is certainly not a mode of employing steam capable of 
producing the species of useful effect which is obtained by a steam engine, and, as a proof 
of its ioefGciency, the same principle of action (that is by impulse) has never been rendered 
applicable to produce mechanical power for useful purposes in a steam engine. 

[t is not my object, therefore, to inquire when it was tirst ascertained that steam hat 
force ; but, to endeavour to trace the history of its su^estion in a practical form, and of its 
application in Ibe arts and nianu^ctures ; to develope the various changes and improve 
ments the steam engine has received ; and to shew, among the host of projectors, those who 
have really advanced our knowledge, either regarding the principles, the 'construction, or 
the arrangement of this powerful prime mover. 

It is easy to perceive that I have assigned myself a difficult task, but it is equally evident 
that if it be accomplished, in a judicious and candid manner, it will form a valuable addi- 
tion to an interesting branch of mechanical science ; hence, I am encouraged to proceed, 
and trust to leave my reader with an impression, that I have been just in deciding between 
the claimants of the invention of each of tbe parts of (he steam engine. 

1663. MoTquii of Worc^aler, died 1667. 
4.— rTlie idea of employing the impulsive force of the eolipile, seems to be the only one 
■rhich had been formed for using steam as a source of motion before the time of the Marquis 
of Worcester; and he, in a tittle work entitled " A Century of the Names and Scantlings 
ot Inventions," undoubtedly describes a method of employing the pressure of steam for 
raising water (o great heights.* His work was first published in 1663, and under the 
sixty-eighth invention we have the following name and scantling: — 

" LXVIII. ^ Fire Water Work. — An admirable and most forcible way to drive up 
water by 6re, not by drawing or sucking it upwards; for that must be, as the philosopher 
calleth it, infra spheeram actirilatit, which is but at such a distance. But this way hath 
HO bounder if the vessels be strong enough ; for 1 have taken a piece of a whole cannon, 
whereof the end was burst, and filled it three-quarters full of water, stopping and screwing 
op the broken end, as also the touchfaole, and, making a constant fire under it; within 
twenty-four hours it burst and made a great crack ; so that having a way to make my 
vessels BO that they are strengthened by the force within them, and the one to fill alter tba 

* Another rngiiw, whieb the mkninls termi ■ " Wiler-commanding Engine." teemi lo hkTe been Ibe 
which he obltlned an act of pirllunenl. tllovlng bim the monopoly of the profiit ■rlilng 
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o4her, I have aeen the water nut like a constant fonntain atream forty feet high. One vesael 
of water rarefied by fire driveth up forty of cold water. And a man that tenda the w<n-k n 
but to turn two cocks, that, one venel of water beings coummed, another b^ioa to f<»ce 
and refill with cold Water, and so sttcoeturely, the fire being tended and kept cMiatant; 
which tbe selbame person may likewisely abundantly perform in the interim between the 
necevity of turning tbe said cocks." 

This descriptitm puts it beyond a 4oubt thatihe Marquis of Worcester knew that steam,- 
heated in a cloae ressel, acquires an immense degree of force, and that this force could be 
effectively applied to raise water. The efllect of condensation he does not appear to hara 
been at all acquainted with, and therefore, his mode of operatint most hare been exceed- 
ingly simple, and probably, of the oatare exhibited in the annexed figure ; — Where B is 
the boiler; C, one of the vessels with a pipe to deliver the water to an elevated cis- 
tern D. > 




Now §uppose the vessel C to be supplied from a cistern of cold water A by a pipe, so that 
it would be filled on opening Hw cock £, and this code being closed ; if, when tbe steun 
in the boiler is of sufficient strength, the cock F be opened, the pressure of the steam on 
the water in C wonld cause it to ascend from C, throng^ the pipe a into the cistern D. 
The vessel C being emptied and the cock F being shut, it would refill with water on open- 
ing tbe cock E. Another vessel C and its cocks and pipes are necessary to cmnplete the 
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UoadM 



aide«r 



of w«ler cngiae iuikMei by the desaripiiiMi, and tfian 
die boilec 

S«ck a mode of iminng water woald be most etpefisira fran die qoanCity of ceodenaatiM 
whftm the steam caaK in ooBted witk oald water, but k was fioUy eafiabie of produemif the 
^pantity of effect mentioaed, fhr H is only eqomdeDt to caism;^ tweatjr cabic leet of water 
or 12S0 lbs. one foot high by one pound of coal, or about the 200di part of die efe c t of 
a good aCeam engfuie. Hence, it appears, that to the Maniuis of Worvesttr most be 
aaorftad the irst inventioD and trial of a praotical mode of applying steam as a prian 
r, and of applying it to one of tboae great pnrpoats for wUcb it has. been so nsefol la 



less. Sir Sawwel Marland, died 1696. 

5. — ^From a part of a manuscript in the Harleian collection in the British Mosena, it 
appears that a mode of raising water by steam, similar to that of the Marquis of Worcester's, 
was proposed, amoi^ other methods, to Louis XTV, of France, by Sir Samuel Morland. It 
contains no description of the method he intended to employ, but there is sufficient to ind^ 
rate that ite author w%s not without knowledge of his subject. 

The title of the part which treats of the power of steam is, ** The Principles of the New 
Force of Fir^ iuTented by Cher. Morland in 1682, and presented to his most Christian 
Majesty, 1683;^ and these principles are explained as follows: — ^ Water being conrerted 
into vapour by the force of fire, these Tapours sh<wtly require a greater space (about 2000 
times) than the water before occupied, and aoonor than be constandy confined, would split 
a piece of cannon. But being duly regulated according to the rules of stetics, and by science 
reduced to measure, weq^ and balance, then they bear their load peaceably (like good 
hoiaes) and thus become of great use to manknid, particularly for raisii^ water, according 
to the following table, which shews the number of pounds that may be raixd 1800 timea 
per hour, to a height of six inches, by cylinders half filled with water, m well m the dif> 
forent diameters, and depths of the said cylmders.*' 



CyliBden. 



1 

2 
8 

4 
5 
6 



DiplklBfc^ 



2 

4 

6 

8 

10 

12 



w«igiitorfl» 



16iba. 
405 — 



1875 — 
<240 ~ 
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* Thaae moAmf^ afe Amowdy^ prfl|M rt kii|J t»i Ito tapioity #f tlw^ cjlhMiefg;^ 

The table is continued in the or^inri^tb sheir the effect of a nanlbef of cylkiden of tlw 
largest of the above sizes, each one being capable of raising 3240 lbs. 

Morland has given the in^pi^ase of volume, which water occupies in the state of vapour 
at common pressures, so neairly, that we may suppose it to be the result. of experiment, 
while his allusion to the force of steaim' beikfg sufficient to burst a cannon, and his proposal 
of the method to a foreigpa ptince, render it probable that he was not a stranger to the vo- 
lume the Marquis of Worcester had published twenty years before. 

Morland's researches seem to have had little influence on the' progress of the practical 
application of steam. 

6. — In 1695, Dr. Papin sugsgested the idea of employing the expansion and contrac- 
tion of steam to form a partial vacuum utfder a piston for nusiog water, and making the 
pressure pf the atmosphere on the upper side of All j^sloi^be moving power.* The real 
authors of the atmospheric engine Were very likely indiebted to this suggestion, but neither 
Papin himself, nor his rival^ Saveify, dhcovered bOw to timi this si^estion to advantage. 
Indeed, it was proposed in a| form which was not plncticabley 1)^;fire was to be alternately 
applied to, and removed jfroni, the cylinder, md the e^peypckm of 4he water in it, by heat, 
was to raise the piston, kpd^ contraction; by coolings when the fiie was removed, was to 
cause a partial vacuum, aiid> ooasequeifttly, the desoM^ of the piston was to be produced 
by the pressure of the atmosphiel^; If such a adieme was ever tried, the result must have 
been sufficiently discouragii^ for Papin to abandon it and adopt a new one, which it will 
be found he actually did, after seeing an engraving of Savery 's engine.* 



1696. nomas Smmy. 

7. — These projects were spet^dily followed by a direct practical, application of the 
steam engine to raising water, for which ** letters patent,'' were granted to Captain Thomas 
Savery, in July 1696, (these bemg the first on record granted for a steam engine,) and. Dr. 
Robison says, it was ** after having actually erected several machines,'* of which, Savery 
gave a description in a pamphlet he published in 1699,-f> called ** The Miner's Friepd," 
which was republished with additionsein 1702. 

In June 1699, Captain Saveiy exUfbitM a' made) of his engine before the AoyalSMietyt 
and the experiments he made with- it aucceeded' to their sati«fiietion;{ It conaiMMl of a 

^ Phil. Truis.Abrldg. IV. JM, 1607. 

t RoMson makes it leOB, bat thU does not* appear \m be ebrrect. Swftien*! dat« iM, ii U^U ak Hktff to be 
Ae right one, from b(s Syvtem of HyiiMMlaMet'II. ite: 

t Phil. Trasa. AbrMg. lY. M, UKV; 
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furnace and boiler 6-; from the latter tvo pipes, provided with cocks C, proceeded to two 
rteam veaMls S, whidi bad Ivaoch pipes from a descending main D, and also to a Tisui|^ 




main pipe A ; each pair of branch pipes had valves o, S, to prevent the descent of the wa- 
ter raised by the condensation or by the force of steam. Only one vessel S is shewn, the 
other being immediately behind it. One of the smni vessels being Blled with steam, con- 
densation was prodaced by projecting cold water, from a small cistern E, against the 
vessel ; and into the partial vacuum made by that means, the water was forced up the 
ascending main D, by the pressure of die atmosphere from a depth of about twenty feet ; 
and, on the steam being let into the vessels again; the valve fi closed and prevented the de-- 
Bcent of the water, while the steam harin^ acquired force jn the boiler, its pressure cauwd 
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the water lo raise the valve a, and ascend to a height proportional to the excess of the 
elastic force of the steam above the pressure of Ibe air. 

Captain Savery afterwards simplified this engine considerably by using only one steam 
vessel. To prevent the risk of burstings the boiler, he applied the steelyard safety valve 
V; invented by Papin for his digester. The cocks were managed by hand ; and, to sup- 
ply the boiler with water, he had a small boiler adjoining lo heat water for the use of the 
large one, and thus prevent the loss of time, which must have occurred on refiiling it with 
cold water. 

Several engines for raising water appear to have been erected according to Savery's 
plan, and to have succeeded tolerably where the water bad not to be raised more than forty 
feet, but this was not sufficient for n)ines where a uew and powerful machine was moat 
wanted. 

The hew principles, introduced into the steam engine by Savery, consist of the use of 
condensation in the steam vessel by cold applied externally. He also used a method of 
supplying the boiler with hot water, contrived a mode of ascertaining the quantity of water 
in the boiler, by inserting the cock g, called a gauge cock, and applied the safety valve of 
Papin*8 digester as a means of preventing accidents. 

The defects of his engine are obvious. A cold vessel and cold fluid must at each ope- 
ration condense, and, therefore, waste a great quantity of steam ; and the height to which 
water could be raised, unless by the use of such powerful steam as to render it dangerous, 
was too limited to be applicable to mining purposes. Its effect would, however, be vastly 
superior to that of the Marquis of Worcester's, Whether Captain Savery did or did not 
know of the previous schemes, his claims to original invention are certainly considerable, 
and to his enthusiasm and talent, we undoubtedly owe the first effective steam engine. 



1698. Dr. Dennis Papin. 
8. — Dr. Papin, professor of mathematics at Marbourg, whose former project I have 
noticed, (art. 6,) is said to have made many experiments on raising water by the force of fire 
in 1698, by the order of Charles, Landgrave of Hesse ; and in 1707, he published a small 
treatise on the subject in which he ascribes lo the landgrave, the whole merit of the first 
idea of a steam engine. Papin's trials in 1698, whatever they were, did not end in producing 
any thing iu an useful shape; and, while be candidly acknowledges thai Savery's schema 
was not borrowed from any thing done in Germany, it appears that he did not follow up his 
experiments, till af^ he had seen an engraving of Savery's engine, in June 1705 ; a pretty 
conclusive ai^ument, that no satisfactory results had been arrived at in these experiments, 
and there is a wide distinction between unsuccessful experiments and invention. 

To do justice to the claims of Papin, it will be suflicient to describe bis engine in its 
most improved stale, and as he gives it after knowing what Savery had etfecled. It con- 
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aM(0pl<tf*^I«rBip'«nd«liriA»«(£it7mT«»; ndscylindtar GH,<JeqiMeteii to A» 
boiler by a steam pipe 8. The cjlinder tr«» ^mtd at Ibe ic^, wd coabilMd « toaA^ 




pbton P; and the base of the cylindef teraMnafted: in « (sifrred tube T, which. Bapeoded 
into ft cylinder M»th0.beBt tube had 4 piptfY^lroi^ a merrOB- of water commutiicaan^ 
irit&it,andit wwpiorided witburalTeat r.- Now suppose tbe cyjioder G H^tobe filled 
with eold'water by tb^ pip« Y fronp th4 EettrroiTn and thq boiler tct cootaio strtiag steam; 
by opening tbe cock £, l^e staam would ba ad^ittpd, aadi pr^ng on tb^ floating piston 
P, caose^ rater toaKsnd into thecylind^ Mj its- return » prerentad bytfaeralyeKt 
and tbe steam oock E being «hut and the cock K ^teped^ta let {be: condensed ste^m escape 
at the pipe B, tbe water ff^m the i^servoir TefilU; the steam cylinder through the pipe Y, 
and it is ready for repeating tbe operation. The water raised to be directed to any useful 
object by tbe pipe D.* 

A reference to the Marquis of Worcoster's pl^n will shew that Papjn did no ^lore. than 
repeat his ^xp^imcnts- The echem^ of adding to the effect by the introduction of red hot 
irooB into the. cylinder G,H, ^ too alMucd to tn^rt; but it is ifistwie measure redeemed 
by,.the> suggestion that the ^ater raised tiyth^ engine might be applied. to drlve'awater 
wheel| thus giving tl)e idea of a steam engine being aj^liqable ta impel machinery^ 

■&. — Jn 1699> Mr- Amontobs pitblislied a description of A, machine, designed to be 
movedby the spring of qir.when expanded by hpaL and afler^rds condensed by .contact 
with cold water.^ The continual bCcess .of heated air to water would uttimatcty, render the 
air saturated witli rapour, but e^en , theq it would not be more tbm an air engine, and a 
rery indifferent one, being exceedingly complex. , . 

• B«IUor*sA«:W. Hydro. II. p.l88. ' •■■)<■--.,-'■ T 

t nwy's MainUa AnU. Hr*U. U.> 9i (sowijiwbwt.lt U MmtUw^ 
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1 705. Thomas ^ewcomen , 



10. — The trials of S^very's eng'ines made known tbeir defects, ^et evidently 
strengthened the idea that iteam could be effectiyely applied t6 raS^ Winter; and the 
immense expense of raising water from deep min^, so embarrassed' their proj^rietors, that 
there were most po;^erful incentives at thM period to engage in further reseifrcbes on the 
subject. To this stimulus we are indebted for another construction of the stedtn engine by 
Thomas Newcomen, a smith, of Dartmouth, who, in conjunction with Joh^ Cawley, a 
plumber, of the same place, and Captain Savery, obtained letters patent for the ihrention in 
1705.4^ The novelty of this construction consists entirely in condensing the steam below 
an air-tight piston, in a cylindrical vessel having an open top ; and the idea was very pro- 
bably taken from the project of Papin in 1696, (see art. 6. :) for it appears that Newcomen 
was in correspondence with Dr. Hook on the subject, to whom the speculaitfons of Papin 
were well known ; but the mode of effecting the object was entirely different from Papin's. 
It consists in admitting steam below a piston ; and, at first, the steam was cdndensed by 
applying cold water to the outside of the cylinder; but injection of cold water by a jet into 
the interior was ifoon found to be a more effective method, and is said to have been disco- 
vered by accident.*!* The following is a description of the engine, as far as it was improved 
by Newcomto. B represents the boiler with its furnacd for producing steiiTh, and at a 
small height^ above the boiler is a steam cylibder, C, of metal, bored to a regiklkr diameter ^ 
and closed at the bottom ; the top remaining open. A <k>tnmunicat]On is form^, between 
the boiler add the bottbni of the cylinder, by meanfii of a short steam pipe S. The lower 
aperture of this pipe i^ shut by the plate j?, which is ground flat, so as to apply very accu- 
rately to the whole circumference of the orifice. This plate is called the regulator, or 
steam cock, and it turas horizontally on an axis a, which passes through the top of the 
boiler, and is fitted steam-tight; and has a handle b to open and shut it. 



* Swifter says, on report, that Newcomen waft aft early in his inTcntion as SaTery. Sys. of Hydros, ii. 340. 

t Desagollers* Experimental Philosophy, ii. p. 68S. The piston was kept tight by a qaairtity of water on the 
top of it ; and as they were working by condensing from the outside, they were surprised to see the engine make 
seTeral strokes very quickly, and found that i) was owing to a hole in the piston letting down water to condense 
the steam. This suggested the idea of injecdon. 
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A piston P ia fitted to the cylinder, and rendered air-tight by a packing ronod its edge 
of soft rope, well filled with tallow, to reduce the friction, and its upper surface is kept 
corered with water to render it steam-tight The piston is connected to a rod P A, which 
is suspended by a chain from the upper extremity D uf the arched head of the lerer, ur 
working beam, which turns on the gudgeon G. This beam has a simlW arched head E F, 
at its other end, for the pump rod H, which receives the water from the mine, llie end of 
the beam to which the pump rod is attached, is made to exceed the weight and friction ofthe 
piston in the steam cylinder ; and when the water is drawn irom such a depth, that the pump 
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piston is too heavy for this purpose, counterpoise weights must be added at I, till the piston 
will rise in the steam cylinder at the proper speed. At some height above the top of the 
cylinder is a cistern L, called the injection cistern, supplied with water from the forcing 
pump R. From this descends the injection pipe M, which enters the cylinders through its 
bottom, and terminates in one or more small holes at N. This pipe has at O a cock, called 
the injection cock, fitted with a handle. At the opposite side of the cylinder, a little abote 
its bottom, there is a lateral pipe, turning upwards at the extremity, and provided with a 
valve at V, called the snifting valve, which has a little dish round it to hold water for 
keeping it air-tight. 

There proceeds also from the bottom of the cylinder a pipe Q, of which the lower end is 
turned upwards, and is covered with a valve v; this part is immersed in a cistern of water 
called the hot well, and the pipe itself is called the eduction pipe. To regulate the strength 
of the steam in the toiler, it is furnished with a safety valve, constructed and used in the 
same manner as that of Savory's engine, but not loaded with more than one or two pounds 
on the square inch. 

The mode of operation remains to be described. Let the piston be pulled down to the 
bottom of the steam cylinder, and shut the regulator or steam valve p. Then the piston 
will be kept at the bottom by the pressure of the atmosphere. Apply the fire to the boiler 
till the steam escapes from the safety valve, and then on opening the steam regulator, the 
piston will rise by the joint effect of the strength of the steam, and action of the excess of 
weight on the other end of the beam. When it arrives at the top of the cylinder, close the 
regulator j7, and by turning the injection cock O, admit a jet of*cold water, which condenses 
the steam in the cylinder, forming a partial vacuum, and the piston descends by the pres- 
sure of the atmosphere, raising water by the piunp rod H from the mine. The air which 
the steam and the injection water contain, is impelled out of the snifting valve V, by the force 
of descent, and the injection water flows out at the eduction pipe Q ; and by repetition of 
the operations, of alternately admitting steam and injecting water, the work of raising 
water is effected. 

These operations were done by hand, till a boy, named Humphrey Potter, contrived to 
attach strings and catches to the working beam, for opening and shutting them while he 
was at play ;* afler which, more permanent appendages were added to answer the pur* 
pose, and the engine became a step nearer to a self regulated machine. 

The engine in this simple and efficient state was termed the Atmospheric Engine. It 
was brought to this degree of perfection about 1712; and such engines were erected in 
various places. 

The novelty of this engine is chiefly in its mechanism; but as this mechanism produces 

* Desaguliers* Experimental Philosophy, ii. ft33. 
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all the difference between an efficient and an inefficient engine, I am inclined to set ^ 
higher value upon it than on the fortuitous discovery of a new principle. To point 
out what is actually due to Newcomen would be difficult and for want of evidence we 
must be content with examining the state of the engine. The admission of steam below an 
air-tight piston, attached to the impelled point of a lever properly counterpoised ; its rapid 
condenisation by injection of water, which is essential to gain effect ; and the mode of 
clearing the cylinder of air and water after the stroke; are all in addition to the principles 
and mechanism before in use : and these are wholly due to Newcomen or those connected 
with him. 

1718. Henry Beighton, P.R.S.* died 1743. 

11. — The arrangement of the parts of the atmospheric engine, the mode of fixing, and 
the mechanism for opening and shutting the valves, were greatly improved by Mr. Henry 
Beighton, an Engineer, of Newcastle-upon-Tyne. He also seems to have been the first to 
reduce the calculation of the powers of engines to a regular system, and published a ** Table 
of the Dimensions and Power of the Steam Engine'' in 1717, which has been found to accord 
with practice ;t and he directed the construction of several large engines. He also re^ 
marked the fact of steam heating a very large proportion of water in condensing, and 
conununicated to Dr. Desaguliers some experiments on the bulk of steam formed by a 
given quantity of water, the result of which was erroneously stated in consequence of a 
singular mistake in the calculation ; and it is also obvious, that the mere quantity of water, 
and bulk of the cylinder, could not possibly give the result he expected, even on the sup- 
position that the cylinder was maintained at 212° during the experiment.^ I cannot leave 



* Dr. HuUon renuurks, it it probable that ^r. Beighton died in 174S or 1744, as it appears that he condaeted the 
Ladies* Diary for the Stationers* Company, flrom 1714 to 1744 IneliisiTely ; discharging that trust with such satis- 
ikction to the company, that they permitted his widow to e^joy it for many years afterward, by employing a deputy 
to compile that very useftil annual little book. In that almanack, for the year 1781, Mr. Beighton inserted a curi* 
ous table of calculations on the steam engine. Phil. TVai^s. Abrid. vU* p. 44S. 

t Desaguliers* Course of Experimental Philosophy, ii. A84. 

X In Mr. Beighton*s experiment (Desaguliers* Ex. Phil. ii.68S,)made on the steam engine, to know what quan- 
tity of steam a given quantity of water prodneet, he fomid by seTeral trials with a divided steelyard on the safety 
TaWe on the top of the boilers at Griff and Wasington, that when the elasticity of the steam was just one pound on a 
square inch, it was sufficient to work the engine ; and that about Ato pints in a minute would Deed the boiler, as fast 
as it was consumed in producing steam for the cylinder at sixteen strokes per mioute. Griff's cylinder held 113 
gallons of steam every stroke, hence 118 k 16 k 1806 gaUons =» 14464 pints, therefore five pints of water produced 
14464 pints of steam ; consequently, 1 pint would produce 980S pints of steam of that density and temperature it 
had in the cylinder at the termination of the stroke ; but this temperature and density not being ascertained, the 
experiment does not shew the bulk eorresponding to the atmospheric pressure ; foi* the elastic force in the boiler 
di£tors considerably fW>m that in the cylinder. 
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the memory of BeightMi without the remark, that though be was not distinf^ui^ied by the 
novelty of his views, yet, the sound knowledge he bad of science, seems to have been of 
more real advantage to those who sought benefit from the steam engine, than the un- 
directed eflbrts of his predecessors. 

1720. Lenpold. 
12. — About this period various writers gave notices of the different engines that had 
appeared, but those who added nothing, either iu theory, experiment, or construction, it 
would be as tedious as useless to notice. But in this class, Leupold, the indnstrioua Ger- 
man, collector of mechanical inventions, ought not to be placed, he bavii^ given the first 
sketch for a high-pressure engine with a piston ; it is further ranarknble as having a four- 
passage cbck for the admission and emission of steam. 

The scheme of Leupold is simple ; over a boiler B, he placed two cylinders C C, fitted 
with steam-tight pistons, j} p. A four-way steam cock S, is placed between the boiler and 



Fig. &. 




cylindwa, ao as to alternately admit steam into one cylinder and let it out from the other, 
'nkepiston.by the admissKiiii ofstrong steam frcn tbe boiler bdow it, is raisedfaod deptesseti 
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the other end of a lever connected to the rod'of ia plunger of a pump, which causes the water 
to rise through the pipe, and by the alternate action of the steam in the two cylinders, a 
continual stream of water is raised. Thus the first rude notice of the principle of employ* 
ing high-pressure steam under a piston was given. 

13. — It does not appear that any thing was added to the existing knowledge of the 
steam engine by Dr. Desaguliers, though, from his fondness for ej^perimental philosophy, 
we are led to expect he would have takea an important place in reducing to fixed princi- 
ples the phenomena he was daily called upon to witness, and make known to the world. 
This was not the case; and, for historical information, he was evidently too prejudiced in 
favour of particular individuals to allow him to detail facts with candour and fairness ; 
therefore, the matter he collected, in his Experimental Philosophy, is no further valuable, 
than by making the state of the engine at that period, and part of the researches of 
Beighton, known. 



1736. Jonathan Hulls. 

14. — The atmospherical steam engine, as improved by Beighton, began to be very 
generally adopted in the coal works and copper mines; and it does not seem to have re* 
quired any great stretch of invention to direct such an efficient power to other purposes, 
besides that of raising water. 

The first attempt, however, on record, was one to apply steam to navigation, and was 
made by Jonathan Hulls, who, on the 21st of December^ 1736, obtained a patent, for 
what may strictly be considered a steam boat. 

The letters patent, and a description of this boat, illustrated by a plate, was published in 
a tract, by Hulls, in 1737, under the following title: — ^* A Description and Draught of a 
new invented Machine for carrying Vessels or Ships out of or into any Harbour, Port, or Ri- 
ver, against Wind or Tide, or in a Calm." As the origin of the invention of steam boats has 
been strongly contested, this pamphlet, which it is now very difficult to obtain on account of 
its rarity, has been brought forward to prove that Jonathan Hulls was the first person who 
suggested the power of steam as a means of propelling paddle wheels. His mode of con- 
verting the reciprocating motion of the engine into a rotatory one, is less simple than the 
crank, but it appears to have been the first attempt, and was done in the following manner : 
Let a, 6, c, be three wheels on one axis, and of, e, two wheels loose on another axis A, with 
ratchets, so as to move the axis only when they move forwards; y^ ^, A, are three ropes, 
and P is the piston of the engine. When the piston descends, the wheels a, ft, e, move for- 
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ward, and tbe ropes g, h, etmae. the vbe«Is e, d, to move ; the wheel e forward, and tbe 
wheel d backward, and the latter raises the weight G, which moves the wheel d forward 
during- the ascent of the piston; consequently, the axis A B, with the paddle wheefs, 
would be constantly moved round in the same direction, and by an equable force. This is 
certainly a beautiful contrivance for rendering so irregnlar a first mover equable, and con- 
sidering the object it was intended for, it is not a complex arrangement ; for besides 
equalizing the power, it gives a means of increasing or diminishing the velocity in the 
lafios of tbe diameters of tbe wheels. Tbe pamphlet of Hulls bears evidence of being the 
work of bn ingenious and well informed mind ; and we must regret the causes which pre- 
vented his views meeting the encouragement they merited.* 

1739. Bernard Beiidor,bom \G98, died 176\. 
l6.-^Belidor, so eminently distinguished as a writer on the theory and practice both 
of civil and military engineering, treated of the steam engine in 1 739, and undoubtedly pre- 
sented the most accurate informatioo then existing in France on tbe subjecLf He gives a 



■ Hnll'R punphlet may bo seen at the Brftlih Maieaiii, c 
have lucceeded In adding it to thetr own collectiDni. . 
- + ArcUtectnre HydraulUjue, torn. il. p. 1 
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slight sketch of its history ; and infers, from bis inquiries, that the three nations of Europe 
must advanced in the pursuit of knowledge, each furnished a man of science to participate 
in the glory of the important discovery : that Papin in Germany, Savery in England, and 
Amontons in France, were each occupied in studying the moAns of making use of the ac- 
tion of ^re for moving machines; but th« first suggestion of the idea, in an intelligible 
form, he acknowledges to be due to the Marquis of Worcester. Belidor closes his histo- 
rical notice by remarking, that all the fire engines that had been constructed out of Great 
Britain, had been executed by English workmen ; and then proceeds to describe the at- 
mospheric engine at Fresnes near Cond^-, in that niiaute, clear, and practical manner, which 
renders his writings so vaUiable. To the theory of the action of steam Belidor added no- 
thing, and the formulte he has given for calculating the load to be liAed by an engine are 
neither very simple nor accurate ; like those of Beighton they apply only to the statical 
equilibrium of the machine, 

1741. John Payne. 
16. — The first direct experiment to determine the density of steam was made by John 
Payne.* His process was well devised, but wanted the addition of a thermometer. He 
took a copper globe twelve inches in diameter, having Wo cocks fitted to it, and a small 
valve. The vessel thus prepared was hung over a large vessel, in which water was 
rarefied into steam, and by a pipe the steam was admitted at one of the cocks into the 
globe, and the other being also open, the steam being allowed to blow through, forced out 
the air that was in the globe, and supplied its place; when both cocks were suddenly 
shut, and the globe taken down and hung over a vessel of cold water with the lower cock 
immersed in water. The cock was opened imder water, on which the water rushed 
violently into the globe till it bad supplied the vacuum, when the cock was again shut, 
and the globe, with the water, was put in the scales, and found to weigh 713 oz. which 
taken from 727 oz. the whole weight before, there remains only fourteen ounces the dif- 
ference, from which he inferred that all the air was nearly excluded out of the globe by 
the steam. He again excluded the air out of the globe with steam as before, and both the 
cocks being closed, with the globe full of steam, he put the globe in the scales, and it 
weighed 202-5 oz. He then opened one of the cocks and let in (he air, and by adding 
weight in the other scale it was found to weigh 203 oz, which shewed that the weight of the 
air the globe contained, was '5 oz. or 218-76 grains. The globe being filled with steam as 
before, and condensed with cold water on the outside of the globe, and the metal again 
made very dry. and the air let into the globe, the water from the condensed steam was 
found to weigh ninety-six grains. It is worthy of remark here, that this gives the density 



• Phil. Train, vol. ill. p. f 
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»f steam at 212° to that of air «t 60", as 96 : 218*75, or as 0^44 : 1. The true density of 
steam at 212% is nearly as 048 : K 

Tbe globe filled with steam, as before, only now, be, not knowings tbe eflect of tempera^ 
ture, continued the globe longer with tbe steam passing throngh it, by wbidi it acquired a 
g^reater d^^ree of heat, for he had found by these experiments, that the least degree of cold 
less than the steam, would condense a part of it again into water, and hence, the qoantity 
eoald not be ascertained whicir would exclude the air out of a given space, which was the 
chief end of the experiment. In this experiment h» sifcceeded in excluding the air with 
less steam ; for, oik weighing the globe, when the steam was condensed, the a^ let i», and 
all cold, it was found that the weight of the water condensed from the steam was only 
about forty-eight grains, which filled, when converted into steam, 925 cubic inches of 
space, so as to exclude nearly all tbe air. From which he concluded that one cubic inch of 
water will form 4000 inches of steam. To admit of comparison the temperature should 
have been observed, as I have little doubt that the steam was so rarefied by heat as to 
cause this result. 

17. — Mr. Payne idso attempted to introduce a new mode of generating steam ; his ap- 
paratus consisted of a cast iron vessel of the figure of a frustnim ef a cone, its dmmeter at' 
the bottom being four feet^ with a semi-globular end of copper of about five feet and a half 
diameter. In the inside a small vessel was inserted, which Payne calls a dtsperser^ which 
vessel bad pipes round the sides fixed to it ; the bottom rested on a central pin, on which 
it revolved, so as to spread the water it received from above, through an iron pipe. The end 
of this pipe pai^^ up through the head, and wds enclosed very tightly, but so as to be 
easily moved with a circular motion, so that the water might be disperaed or showered 
round on the sides of the red hot cone, or ignited vessel, in a very exact manner. From ex-» 
periment he states that a pot or vessel, of tbe size and shape here mentioned, will, being 
kept to a dark red heat and the water regularly dispersed, expand 6*5 enbic feet of water 
into steam in an hour. And that^ by experiments madfe at Wednesbury and^ Newcastle-on- 
Tyne, 112 lbs. of pit coal will by this method expand twelve cubic feet of water into steam. 
This is near the truA of what may be done ; but tbe method has no advantages, and tbe 
apparatus soon fiiils. It is a duty, however, to an ingenious man to record his attempts to 
establish useful truths even when he faih in his object, it shews the state of knowliedge 
at the time on these subjects ; and it saves others firom repeating useless experiments. 
The mode of generating steam we have just described has been more (ban once revived 
lately. 

16. — ^The engine of Savery had hitherto required the attendance of a person to open 
and shut the cocks. This defect appears to have been first removed by Gensanne, a 
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KrniM'tiinan, wbo cnntrived a self-acting: apparatus for the purpose, in 1744 ; and after- 
wnrilt 111) Muiirn, a Portuguese, sen) a model of another method (o the Royal Society, 
wliici) in nbly described by Smeaton, in Ibe TranNactions for 1761.* Hiei general descrip- 
liim i" milHcient for the purpose of shelving' fiow the action is obtained. The enj^fine con- 
■I«In of a rt-'coiver with a steam and an injection cock. It bas a suction and a forcing; pipe, 
each furnished with a valve, and a boiler, which may be of the then common globular 
dhnpe, and, having nothing particular in 1(6 construction, a desrj-iption of it will not be ne- 
rcHsaryi also the rest of the parts already menlioned being essential to every inach me of 
thi« kind, a further account of them may be dixpensed with. What is peculiar to this 
migine is a float within the receiver, composed of a light ball of copper, which is not loose 
in it, but fastened to the end of an ann made to rise and fall by the float, while the other 
end of the arm is ^stened to an axis: and, consequently, as the float moves up and down, 
the axis is turned round one way or the other. The axis is made conical, and passes 
through a conical socket, which last is fixed to the side of the receiver. On one of the 
ends of the axis, which projects beyand the socket, is fitted a second arm, which is also 
moved backwards and forwards by the axis as the float rises or falls. By these means, the 
rising or falling of the surface of the water within the receiver communicates a correspond- 
ing motion to the outside, in order to give the proper motions to the rest of the apparatus 
which regulates the opening and shutting of the steam and injection cocks, and serves ihs 
iame purpose as the plug frames, &c, in Newcomen's engine. 

1751. Francis Blake, F. R. S. 
19, — A paper on the best proportions for steam engine cylinders, by Mr. Francis 
Blake, was published in 1751 ;| which merits attention both as one of the first steps in 
theoretical inquiry respecting (he proportions of engines, and on account of the result he ob- 
tained. It is evident, he remarks, from the principles of mechanics, that the contents of the 
cylinder remaining the same, the quantity of water discharged at each lift will in all cases 
be equal; and this equality is obtained by only adjusting the distance of the centre of the 
piston from the fulcrum of the beam. It will be granted also, that the excess of the 
column of atmosphere above that of water, is equivalent to a weight on the piston, driving 
it to a depth of about five feet within the cylinder ; by the present construction accele> 
ratedly, till friction, and resistance from the uncoudensed steam which remains in the cylinder 
even aAer the injection, and is increased in elasticity while its bounds are dimiiiislied, shall 
equal the aceeleraf ive force : and that then again the piston may be retarded the rest of the 
way. But, independent of friction, we can, notwithstanding this diminution offeree by the 



• PhU. TMOi. Vol. XLVII. p. US, or Abridg. Vol. X. p. 869. 
I- Phil. Trwii. Vol. XLVII. p. 197, or Abrldj. Vol. X. p. 187. 
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remainder of steam within ibe cavity of the cylinder, demonstrate the ratio of the reluci- 
ties, and the times of descent of the pistons, in cylinders of unequal altitudes, to be exactly 
the same as if the resistance were nothiog;, whence we shall without difficulty arrive at some 
conclusion in this matter. Let M N be the working part of a steam engine cylinder of the 
usual beiglit, equal in diameter to a shorter one m » and the rarefaction in both of them 
bemg- supposed the same, A (i=aq, R Q=rq, and AR=or, may represent the excess of 
the atmoapbere's weight above the column of water, the resistances to the pistons from the 
remainder of steam and the efllecti ve force respectively. Make a k : AK::aii:AN, and 



E 





at all similar positions, the resistance Ac of mn, and force jt eon its piston, will be equal to 
the resistance B C of M N, and force K C on iu piston; and (by Newton's Princip. prop. 
39.) in the descent of bodies, we have ^akcr: ^A K C R :: celerity in k : celerity in 
K. But these areas being evidently as the corresponding p8rallel<^Tams k q and K Q, 
and these again as their heights, the celerities generated are in the subduplicate ratio of 
a A; to AK, as if the resistance had been invariable. 

To apply this to steam engines, if T W be a cylinder of equal content with the cylinder 
M N, the quantity of water delivered by both will^ as observed above, be the same at each 
lift ; bat the cylinder T W is no higher than m n, and their rarefactions are supposed equal, 
therefore, by what has been proved with r^^rd to the times, the time of the piston's descent 
in T W, will be to that of the piston's descent in m a : : V'E W : v'AN; whence, in any 
given time, the short cylinder T W will perform more than the longer one M N of equal 
content,and that in the ratio of their diameters; for as T E* x E W=M A* x A N ; and 
ET^: AN:: ffT» : £T«, therefore, vE"W: ^AT : : M A : T E. And he further 
remarks, the friction is diminished with the slowness of the motion, because the periphery of 
the piston increases in a less ratio than its area, 

"the result of his whole reasoning is in favour of a short cylinder, and it must be allowed 
to be ingenious ; but the proper question is, What form of cylinder will enable us to do the 
most work with-the least steam f and not the moat work in, tfae least time with a cylinder 
of a given capacity. (Sect. IV.) 
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Mr. Blake also mvestig^^d the relatioD between the power and resistance which gives 
a maximum efiect in a given time when the molion accelerates from rest, both when the 
force is uniform, and when variable, increasing as the distance.* (See Sect. IV.) 

1 757. Keane Fitzgerald, F. R. S. 

20. — It was natural to expect that the atmospheric engine being now in considerable 
use, the means of saving fuel would be considered in places where it was expensive. Mr. 
Keane Fitzgerald, in 1757,t proposed, with this object, to agitate the water in the boiler by 
a stream of air, on Dr. Hales' plan for evaporating ; not perceiving the difference between 
forming steam and accelerating evaporation. But in consequence Dr. Hales applied to 
him respecting working ventilators for mines by steam engines, and a rotary motion being 
necessary to Ihat end, Fitzgerald contrived one to render the steam engine applicable to 
the purpose. The method he adopted nearly resembled, in principle, that before contrived by 
Hulls for his steam boat,(art 14.;) but instead of r^^lating it by a weight, Fitzgerald pro- 
posed to use Vifiy wheel; and remarks, that the steam engine by such means may be applied 
to com mills, raising coals, &c. . Fitzgerald also shewed the impropriety of the then usual 
mode of constructing the working beam with its axis below its centre of gravity, and al- 
tered the place of the axis of the engine beam of the York water-works engine, with much 
advantage to its effect. 

1768. William Emerson^ barn 1701, died 1782. 

21. — A brief but clear description of the atmospheric engine was published by 
Emerson in his Mechanics, with the mode of computing its power ; as far as statical equi- 
librium between the power and resistance is concerned. He also in his Miscellanies gives 
a solution of a problem, which has for its object to determine the relation between the 
power and resistance when the effect is greatest. It may be stated as follows : — In a steam 
engine there is given the effective pressure of the atmosphere upon the piston, and the 
length of the stroke, to find the water to be drawn at a stroke, so that the greatest quantity 
shall be drawn in a given time, supposing the force uniform, and the arms of the beam of 
equal length. Fmerson^s solution differs from Blake's (art. 19,) in taking the whole time of 
the ascending and descending- strokes into the account ; and in not considering the moving 
power as a gravitating mass of matter. It is, therefore, more strictly applicable to the 
question, though still not perfectly so, as the space, not the time, shoald be given. (See 
Sect. lY.) 

22. — ^Tbe celebrated practical engineer, James Brindley, attempted to improve the 

♦ PhU. Trans. Vol. LI. p. i. or Abridg. Vol XI. p. S17 
t PhU. Trans. Vol. L. p. 53, and tfi7. 
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construction of the steam engine boiler by forming it of wood imd stoae^ imd inserting' a 
fire place and chimney of cast iron in the internal part of the boil^, 90 as to sarrommd 
both as far as possible, on all sides, by the water of the boilet*. This plan he exw 
pected would render more of the heat of the fuel effective; and, tfa^>efore, obtained a pa«- 
tent, in 1759, for the cuttingement. That it was founded on mistaken views of the nature 
of combustion, and of the quantity of the loss of beat, would not be difficult to prove, (see 
art. 190.) and accordingly never was adopted in general practice. 1 

176S. Dr. Jaeph Black, bom 1723, died 1799. 

^^''X 23. — The relation between the quantity of fuel and the effect of steam in an engine 
became now an important subject ; but the different quantities of heat combined with the 
same body according as it was in a solid, a liquid, or gaseous state, or with different bodies 
at the same temperatures, had not yet been determined, or rather the fact was not distinctly 
known, and, therefore, crude opinion must have directed the wisest, as it now directs the 
ignorant man in his attempts to improve the steam engine. To Dr. Black we owe the first 
investigation of the combination of heat with bodies in the solid, liquid, and gaseous state, 
which he began to teach publicly iA 1762, the heat so combining with them, he shewed was 
insensible to the thermometer, and hence he called it latent heat. 

The quantity of heat required to convert boiling hot water into steam, he found exceeded 
five times the quantity which made water boil. Dr. Black also shewed that different bodies 
required different quantities of heat to produce the same change of temperature, and de- 
noted the property by the phrase, capacity for heat; the term now usually employed is 
specific heat. (See Sect. IL art. 70.) 

The principles of managing confined fires, and the nature and effect of fuel, were also 
taught by Dr. Black. 

In <he inquiries respecting heat he was followed by Dr. Irvine and Dr. Crawford, who 
made experiments to determine the specific heat and latent heat of various substances. 

1766. John Smeaton,F. U.S. fcorn 1724, rfierf 1792. 

24. — Smeaton was not of a cast of mind likely to seize the views of Dr. Black, and 
turn them to account in managing the action of steam ; his talent was chiefly confine^ to 
improving the construction and proportions of existing machines, by sdectii^ the best me« 
thods known, and making experiments ; accordingly we find he designed a portable atmo- 
spheric engine to make trials upon in 1765; and these experiments he was pn^aring for 
in 1769.* Smeaton afterwards directed the erection of several large atmospheric engine^ 

* Reports, Vol I. p. 223. and II. 888. 



» THE HISTORY OF (ubct. I. 

and brought than to a degree of perfection which has not been exceeded in later times. 
I propose briefly to follow through the most interesting of his inquiries ; commencing firom 
his portable engine. This seems to have been the first attempt to make an engine capable 
of being removed from place to place. The fire place was formed entirely within the 
boiler ; and, in the place of an ordinary beam, a wheel 6*2 feet in diameter, with a chain, 
communicated the motion from the piston to the pump rod. 

The diameter of the cylinder was eighteen inches, its area, in circular inches, 334 
inches ; and allowing seven pounds to the inch, which such a cylinder, he remarks, would 
very well carry, we have 2268 lbs. The number of strokes per minute is stated to be ten 
of six feet each; hence, the effect is 2268x10x6=136080 lbs. raised one foot, or four 
horses* power ; he reckoned it equivalent to six horses ; and, therefore, his value of the 
horse power is 22680 lbs, raised one foot high per minute, instead of the usual standard 
33000 lbs. 

Respecting fuel, he remarks, it has been found by experience that a two feet cylinder re* 
quires 174 lbs. of Newcastle coal per hour; which, reduced in the ratio of the capacity* 
gives ninety-seven pounds and a half per hour for the eighteen inch cylinder, or a four horse 
engine, according to the common application of fire; but he had reason to think an engiue 
constructed like his would not require above sixty-five pounds per hour for a. four horse 
engine. 

The fire place was of a spherical figure, of cast iron, and entirely within the boiler; the 
coals were introduced by a large pipe from the outside of the boiler to the fire place, and 
the smoke passed off by a curved pipe with an iron fiinnel to promote a suflicient draught. 
The ashes fell through a pipe covered by a grate eighteen inches diameter, the whole being 
joined to the boiler by proper flanches, and always covered with water. In so short a flue 
the force of the fire cannot be wholly exhausted within the compass of the boiler, therefore 
the curved pipe was surrounded by a copper vessel adapted to its shape, into which was 
brought the feeding water, that it might be raised to a greater d^pree of heat than if 
brought immediately from the hot well into the boiler. It is also obvious that by this ar^ 
rai^^ement, the coolest part of the water comes in contact with the flue, to take the heat 
from the smoke before it ascends the chimney. The bars of the grate were cast into a 
loose ring capable of being taken out, and replaced when occasion required. On the large 
scale also Smeaton*s boilers were admirably adapted for generating steam, little inferior to 
any that have been since contrived. 

In a report to the London bridge water works, in 1771, Smeaton proposed to regulate die 
power of the engine by the injection, whereby the engine-keeper would be enabled, while 
the engine was working, to vary the quantity in proportion to die column to be lifted, and 
avoid the ill effects arising from a variation of the column, and save fuel. 
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Smeatun's first effective introduction of the improvements resulting^ from his experiments 
on the engine, seems to have been in the early part of 1774 ;* and by these improve* 
ments he appears to have reduced the expenditure of fuel about one-third. In 1775, he 
designed the ChaseWater Engine, the cylinder of which was seventy-two inches in diameter, 
and the stroke nine feet. Its power was equivalent to the exertion of 108 horses, and its 
consumption of fuel was estimated at 1136 lbs. of Newcastle coal per hour. At its full 
power it was proposed to make nine strokes per minute, but to be r^ulated by the cataract 
to four strokes and a half per minute. The construction of the beam, and other parts of the 
engine are sufficiently curious to entitle it to the strict attention of the student of the subject.t 

There seemed to be few practical circumstances that escaped Smeaton's inquiry respect- 
ing the atmospheric engine ; and he drew up for his own use a table of the proportions of 
the parts for different sized engines, which still exists in the collection of his papers, which 
was purchased by Sir Joseph Banks. But the most important of his researches relate to 
the load upon the piston, on which he remarks he had found engines calculated to carry a 
load, varying from under five pounds to upwards, of ten pounds to the square inch, those 
lightly loaded being expected to go with the greatest velocity, so that an engine carrying 
five pounds to the inch must go with double the velocity of one loaded to ten pounds, the 
cylinders being of equal area, in order that the effects of the power might be equal. He 
further adds, in engines, however, as in other machines, there is a maximum which, without 
new principles of power, cannot be exceeded : bad proportions of the parts and bad work- 
manship, may make an engine fall short, in any degree, of what jt should do, but its maxi- 
mum cannot be exceeded by the most accomplished artists. 

Experience had, however, in some degree, directed, to a mean burden. The original 
patentees (Newcomen, & Co.) from some of their first performances, laid it down as a rule 
to load the piston, so as but little to exceed eight pounds to the inch; but, on more experi- 
ence, they diminished that load, and amongst the best engines previous toSmeaton's own time 
the load was made about seven pounds to the square inch. And he further states that any 
proportion will do if the parts be properly proportioned, but, from a long course of very 
laborious experiments, he had fixed his scale near upon, but somewhat under eight pounds 
to the inch, including raising the injection water. 

The labours of Smeaton shew the imperfect state of mechanical science as applied to 
practice in a remarkable degree. He actually designed an engine to be erected at Long- 
Benton to raise water for turning a water wheel to draw coals from a pit ;^ and in 1781 
proposed one of Boulton & Watt's engines to be erected for raising water for driving a com 
mill ;§ using such arguments as these in support of his opinion. ** It is to be apprehended 
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that no motiou communicated from the reciprocating beam of au engine, can ever act with 
perfect equality and steadiness in producing a circular motion like the regular efflux of water 
in turning a water wheel ; and much of the good effect of a water mill is well known to 
depend upon the motion communicated to the millstones being perfectly equable Band 
smooth ; the least tremor or agitation takes off from the complete performance. Secondly, 
all the engines he had seen were liable to stoppages, and so suddenly, that in making a 
single stroke the machine is capable of passing from nearly its full power and motion to 
rest ; for whenever the steam gets lowered in its heat below a certain degree, for want of 
renewing of the fire in due time or otherwise, the engpine is then incapable of performing 
its functions. In the raising of water, (a business for which the fire engine seems peculi- 
ariy adapted,) the stoppage of the engine is of no other ill consequence than the loss of so 
much time, but in the motion of millstones grinding com, such stoppagies would have a 
particularly bad eflfect.*' 

It was certainly not a g^tifying circumstance to Smeaton to find that his tedious inquiries 
had been rendered nearly useless by a new mode of operation. To find that his cautiims 
system of analysis was not in all cases the best mode of rendering the powers of nature 
useful to man. Yet if it were his labours on the steam engine alone on which his fiune 
rested, there woold be sufficient to command our esteem and respect. Its further improve- 
ments, its close cylinder, its double action, undoubtedly owed much of their perfection to 
the use of those modes of construction applied by Smeatoi^ to the air pump. 

« 

1766. John Blakey. 

25. — Though there are so many circumstances in the mode of action which reduce 
the effect of an engine of Savory's construction, these defects seem only to hold out an in- 
ducement to speculative men to attempt to remove them, and among these Blakey was one 
of the most sanguine. He obtained, in 1766, a patent for a new mode of constructing Sa- 
vory's engine by using two receivers, one placed over the other, with a pipe of communicBp* 
tion between them. The contact of the steam and water was to be prevented by a stratum 
of oil, forming a species of fluid floating piston. He further proposed to admit an- to oc- 
cupy the place between the steam and water so as to prevent condensation during the pro^ 
cess of forcing : both methods inferior to the floating piston of t'apin. Blakey had, how- 
ever, sufficient art to persuade the public that he had made a valuable discovery, and to 
get Ferguson, the Lecturer, to shew off its advantages by a steam fountain.* In practice 
his method was found to be worthless. 

In generating steam Blakey seems to have first proposed cylindrical tubes for boilers, 



* Ferguson's Lectures, Vol.1, p. 8 IS. 
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the description of which he fiiiblishcd in 1774. He iras also the author of a paiAphtet en- 
titled, " A short Historical Account of thf Invention, Theory, and Practice of Fire 
Machinery," printed in London in 179.% which wan chiefly filled with short notices of his 
own labours on the subject, now of no interest. 

1769. James Watt. L. L D. F. R, S. born 1736, died 1819. 
26. — The commencement of the researches of Mr. Watt appears to hare been in 1764, 
two years after Dr. Blark began to teach his doctrines re^rdiug; heal. Mr. Wntt began 
by making experimenta on the elastic force and bulk of slenai ; and gjndually developed 
those principles which form the basis of his valuable improvements on the steam engine, 
but he did not so far mature his plans as to apply for a patent till 1768. which was enrolled 
in 1769. The speci6r4ition is brief and not illustrated by fibres, henc^ I will give it en- 
tire; and then distinguish the principles and methods of constrtirtion which had not been 
anticipated. 

Mr. Wall's patent of 1769, was for his " Methods of Lessening the Consumption of 
Steam, and consequently of fuel in Fire Engines," nnd his speciRration is as follows: — 
First, "That vessel in which the powers of stenm are (o be empfoyed tu work the engine, 
which is called the cylinder in common fire engines, and which I rail the steam vessel, 
must, during the whole time the engine is at work, be kept as hot as the steam that enters 
it ; first, by enclosing it in a case of wood, or any other materials that tmnsmit heal slowly ; 
secondly, by surrounding it with steam or other healed bodies; and, thirdly, by suffering 
neither water, nor any other substance colder than the steam, to enter or touch it during 
that time. — Secondly, In engines that are to be worked wholly or partially by condensa- 
tion of stenm, the stenm is to be condensed in vessels distinct from the steam vessels or 
cylinders, although occasionally communicating with them; these vessels I call con- 
densers; and, whilst the engiues are working, these condensers ought at least to he 
kept as cold as the air in the neighbourhood of the engines, by application of water 
or other cold bodies. — Thirdly, WIratever air or other elastic vapour k not condensed 
by the cold of the condenser, and may impede the working of the engine, is to b*- 
drawn out of the steam vessels or condensers by means of pimips wrought by tlie en- 
gines themselves, or otherwise. — Fourthly, 1 intend in many cases to employ the expansive 
force (pressure) of steam to press on the pislons, or whatever may be used instead of them, 
in the same manner as the pressure of the atmosphere is now employe<l in ciimmon fire ert* 
gines. Id cases where cold water cannot be had in plenty, the engines may be wrought by 
this force of steam only, by dischai^ing the steam into the open air after it bns done its 
office. — Fifthly, Where motions round an axis are required, I make the steam vessels in 
form of hollow rings or circular channels, with proper inlets and outlets for the steam, 
mounted on horizontal axles like the wheels of a water mill ; within them are placed a 
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Dumber of yalves that suffer any body to go round the channel in one directiun only : iu 
these steam vessels are placed weights so fitted to (hem, as entirely to fill up a part or por. 
tion of their channels, yet rendered capable of moving freely in them by the means herein- 
after mentioned or speci6ed. When the steam is admitted in these engines between these 
weights and the valres, it acts equally on both, so as to raise the weight to one side of the 
wheel, and by the re-action on the valves successively, to give a circular motion to the 
wheel, the valves opening in the direction in whicJi the weights are pressed, but not in the 
contrary ; as the steam vessel moves round it is supplied with steam from the boiler ; and 
that which has performed its office may either be discharged by means of condensers, or 
into the open air, — Sixthly, I intend in some cases to apply a degree of cold not capable of 
reducing (he steam to water, but of contracting it considerably, so that the engines shall be 
worked by the alternate expansion and contraction of the steam. — Lastly, Instead of using 
water to render the piston or other parts of the engines air and steam-tight, I employ oils, 
wax, resinous bodies, fiit of animals, quicksilver, and other metals, in their fluid state. 

" Be it remembered, that the said James Watt doth not intend that any thing in the fourth 
article shall be understood to extend to any engine where the water to be raised enters the 
steam vessel itself, or any vessel having an open communication with it."* 

The great and valuable improvement described in this specification is that of condeosiug 
in a separate vessel ; and it necessarily involved a method of clearing the condenser of 
air and water. The application of the principle could be rendered perfect only by keeping 
the cylinder as hot as the steam, and the condenser as cold as it could be done with eco- 
nomy ; and the methods proposed by Mr. Watt for accomplishing these objects are at once 
novel and efficient. 

The idea of using steam pressure was not new, not even when applied to a piston, (see 
art. 12,) but tlie application of it in a close cylinder by means of a stuffing box, such a^ 
Smeaton had applied to the air pump, was a new mode of construction, which, it may be 
inferred, was intended in the engine specified though it is not described. The scheme 
of a rotary steam vessel, or steam wheel, was also first made public in this specification, 
though in a very unperfect manner. 

27. — Mr. Watt's steam wheel not answering on trial, his next object seems to have 
been to convert the reciprocating motion of the piston rod into a rotary one. Methods 
for this purpose had been contrived by Hulls, and Fitzgerald ; and patenU had been ob- 
tained for similar ones by Stewart in 1769, and by Washborough in 1778, also by Steed in 
1781, for the simple crank motion, 

Notwithstanding the existence of these methods, Mr. Watt obtained a patent for five 
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others in 17R1, one of which was the sun and planet wheel motion, which he used for 
some time on accoiint of the crank being Steed's patent. 

In 1762 Mr. Watt obtained another patent, embracing' various methods of applying 
steam. First, for an expansive steam engine, with six diflerent contrivances for efjualizing 
the power; secondly, the double power steam engine, in which the steam is alternately ap- 
plied to press on each side of the piston, while a vacuum is formed uu the other ; thirdly, 
a new compound engine, or method of connecting together the cylinders and condensers of 
two or more distinct engines, so as to make the steam which has been employed to press on 
the piston of the first, act expansively upon the piston of the second, &c. ; and thus derive 
an additional power to act either alteruately or conjointly with that of the first cylinder; 
fourthly, the application of toothed racks and sectors lo the end of the piston or pump rods, 
and to the arches of the working beams, instead of chains ; fifthly, a new reciprocating semi- 
rotative engine, and a new rotative engine or steam wheel. 

By the double engine the same cylinder was rendered capable of doing double the 
quantity of work in the same lime, the steam pressure acting, and condensation taking place, 
both during the ascent and descent of the piston. Simple as this change appears, after 
being made, it is attended with many striking advantages; it renders the power nearly 
uniform, diminishes the proportion of cooling surface, a less boiler is necessary, and it re- 
duces the bulk and weight of the engine. 

Of the modes of regulating the power of steam engines, the most effective were, first, by 
limiting the opening of the regulating valves which admit the steam to act on the piston, 
and letting it continue so open during the whole length of the stroke ; secondly, by letting 
them open fully at first, and shutting them completely when the piston has proceeded only 
part of its stroke; or, thirdly, by the use of a throttle valve placed in the steam pipe, 
which, acting in the same manner as the floodgate of a mill, admits no more steam than 
gives ibe desired power. 

The second of these methods of regulating the power of the engine is the best, and forms 
the basis of what is called Watt's Expansive Engine ; which renders available more of the 
power of the steam than when the piston is acted upon by the whole force of the steam 
through the whole length of the cylinder. Tliis principle is said to have been adopted in 
an engine at Soho manufactory, and some others, about 1776, and in 1778 at Shadw^Il 
waterworks; but it was not made public till the above patent was obtained in 1782, 
Whereas the same principle had been made kuoivn the preceding year by Homblower, 
though applied in a different manner ; and of two discoverers of the same principle, with 
different modes of application, that one should have the merit who first makes it knowfl to 
the public, — for inventions are rarely withheld except through interested motives; and 
when a secret is kept for an individual's benefit all claim to priority of invention ceases, 
2$. — There yet remained another step to complete the mechanism of the double en- 
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gmCf rim* a guide for thepiBtoB rod, and thm appears to have been firsi accomplished, in 1784, 
by the invention of the parallel motion. This is an ingenious combination of levers, one 
point of which describes a line nearly straight, and to this point the piston rod is connected, 
so that its rectilineal movement causes the beami to vibrate. This Mr. Watt secur^ by 
patent in 1784, together with a new rotative engine, m. which the steam vessel was to turft 
upon a pivot, and be placed in a dense fluid, the reantance of which to the action ef lbs 
steam was to cause the rotative motion ; an iniproved method of applying the steam engpne 
to work pumps or other alternating machinery, by making the rods balance each* other ; a new 
method of applying die power of steam engines^ to move mills which hav€ many wheels 
required to move round in concert; a simplified method of applying the power of steam 
engines to the working of heavy hammers or stampers ; a new construction and mode of 
opening the valves, with an improved working gear ;. and a portable steam engine and ma* 
chinery for moving wheel carriages; 

Mr. Watt objained a patent,, in 1785, for a method of constructing furnaces, in which the 
best principles the philosophy of the period could furnish, are applied to elicit the heat 
and consume the smoke of fuel. He also applied to the steam engine the conical pendulum 
as a governor, the steam gauge, condenser gauge, and a useful little instrument for ascer- 
taining the state of the steam in the cylinder, called an indicator. 

29. — The only part of the theory of the action of steam which Mr« Watt attempted to 
investigate from first principles is the power it affords by estpansion, and this is done im- 
perfectly. The proportions and mode of construction he adopted, seem to have been ob^^ 
tained wholly from trial, and the natural consequence was a long delay before he brought 
his engines into use ; for though his facility of invention must have been considerable, his 
means of judging of the value of his combinations were very limited : indeed, he appears to 
have possessed no other certain test than the expensive and slow mode of proving.each by 
making models and trial machines. On the ground of not having been r^nunerated for 
these expensive trials he got the term of his patent extended to 1800; and in consequence, 
with his partners, made a rapid fortune. He devoted a considerable portion of the latter 
part of his life to chemical philosophy, and particularly its application to the arts. As an 
author he has contributed on the steam engine only some historioed notices of his own in- 
ventions, a few corrections of Dr. Robison's article in his Mechanical Philosophy, and 
notes to it containing his experiments on the latent heat and elastic force of steam, not 
given in detail to the world till they were rendered, unnecessary by the inquiries of 
others. 

90. — The share which Boulton had in the improvement and introduction of the steam 
engine must not be forgotten, for, as it has been. remarked by Baron Dupin, ^* Watt's engine 
was, .when invented by him, but an ingenious speculation, when Boulton, with as muoh 
courage as .foresight, dedicated bis whole fortune to ito success/' He did not hesital» even 
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iilwn Smeatoil dissclared his conviction that it coirid never be generally applied aA a 
9geaL Besides, Boulto» rendered no smalt seiVice to Watt and to Gr^t Britain frbren, hy 
his extraordinary talents in mannfiictares and coannefeey he exempted hi^ partner' from M 
the cares of Kfe, from all commerciid specvlationB, and from all Adte difficnhieS' which are 
the inevitable* consequences of great enterprise in trade. Bouhon did still more ; her tr^^ 
umphed over all' those interests* and prefndioes which necessaHly'att>sd in* the beginning to 
retard the success of the new steam engmes and tlireh* application. ** Men/' continnei^ Dupiif, 
^ who devote themsehres entirely to the improvement of indnstryy witf fee} m all iheir fbrce 
the services that Bonlton has rendered to the arts and mechantcat sciences, by freemg the 
genius of Watt from a crowd of extraneons difBculties which Would hdV€J colftMsed thosb 
days that were fSn* better dedicated to the improvement of the u^dful srts.'' 

31d — A curious apparatus for trying the elastic force of diS&tetil^ vapomrs was Hn* 
vented bjrT. H. Zeigler, which he describes in a memoii^ puMisbeddt Basle' in ITO^V^i^i^ 
tables of the results of his experhnents, but it appears he had not^ takeiv carre to free his ap^ 
paretus from air before the trials ; they are therefore osdess. 



1781. Jonathan Hombiower. 

32. — In 1781, a patent was obtained by Mr. Homblower, for a mode of applying the 
expanding power of steam. For when steam is confined on one side of a piston, and a par- 
tial vacuum is formed on the other, the steam will move the pistoil till iSi force be in equi- 
librium with the friction and uncondensed steam ; and as mo^ch powel* as is cotiununicaied 
during this motion is in addition to the ordinary effect of steam pressure. To gain power in 
this manner, Mr. Hornblower used two vessels in which the steam was to act, and- which, in 
other steam engines, are called cylindere, employing the steam after it had acted in the first 
vessel to operate a second time in the other, by permitting it to' expand itself, which* h^ did 
by connecting the vessels together, and forming proper passages and apertures, whereby 
the steam might at proper times go into and out of the s^id vessels.* 
• The effect would be nearly the same as that derived from Cutting of the steam before 
the piston arrives at the end of its stroke, as was afterwards done by Mr. Watt, (art 28.) 
but has the decided advantage of being a more equable method of employing steam power ; 
and in large engines the construction of Hornblower*s is also superior, because strong 
steam can be used in a small cylinder with less risk : he, however, does not appear to have 
intended to use powerful steam ; and he could not use his invention because the improved 
mode of condensation remained the right of Boulton and Watt. 



* Repertoty of Arts, Vol. IV. 861. 1796. 
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Like Watt, many other eDgineen imagined that a rotary motion might be communi- 
cated with advantage by the direct action of steam ; and two combinations for that purpoee 
were made by Homblower. His first was an ingenious but complicated machine for which 
he had a patent in I79&* The second was more simple ; it was secured by a patent in 
1805. It consists of four vanes reyolving in a cylinder round its axis. The vanes are like 
those of a smoke jack, but of thickness sufficient to form a groove in their edges, to hold 
stuffing for the purpose of making them steam-tight in their action. They are mounted on 
an arbor which has a hollow nave in the middle. Into this nave the tails of the vanes kre 
iniierted, and each opposite vane affected alike by having a firm connection with one an- 
other; 80 that if the angle of one of the vanes with the arbor be altered, the opposite one 
will be altered also, and the opposite ones are set at right angles to each other ; so that 
when a vane is flady opposed to the steam, the opposite vane will present its edge to it, and 
thus they are constantly doing in their rotation on their common arbor ; so that the steam 
acts against the vane on its face for about a quarter of a cnrcle, or ninety d^rees, in the 
cylinder where it is destined to act; and as so<m as it has gone through the quarter of the 
circle, it instantly turns its edge to the steam, while at the same instant another vane has 
entered the working part of the revolution, and the rotation proceeds without interruption. 
This engine was to be furnished with the condenser and discharging pump of Watt, but 
Homblower added what he considered an improved method of discharging the air from 
the condenser. 

It is easy to shew that the fnction, and other sources of loss of power, are much g^reater 
in the rotary than in the rectilineal action of steam, while the loss by rendering a recipro- 
cating moticm rotaiy is very small ; (Sect. IV and VIL) but I notice this as one of the most 
simple combinations proposed for a rotaiy ei^ne. 

33. — A series of experiments on the elastic force of steam from 9Sf^ to 212° was pub- 
lished by Mr. Achard in 1782. He also examined the elastic force of the vapour of al 
cohol ; and observed, that when steam and alcohol vapour were of equal elastic force, the 
temperature of the latter was about thirty-five degrees lower, but that the difference of 
temperature was not constant ; it semned to be greater or less as the elastic force was greater 
or less. 



1782. Marquis De Jouffraj^ 

34. — The idea of onploying the steam eng^ to propel vessels, which bad been 
suggested by Hulls, (art 14,) was first tried in practice by the Marquis De Joufllroy, 
who, in 1782, constructed a steam boat to ply on the Saftne, at Lyons ; it was 140 feet long 

• Repertory of Arts, Vol. IX. SS9. Old Series. 
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and fifteen feet wide, and drew 3'2 feet of water. He made several experiments with it. 
and it was in use fifteen months on the Saone.* 

35, — In 1785 M. Perronet gave a very full description, in the French Encyclopaedia, 
of an atmospheric eng'ine erected near Saint Guilain, in Hainault ; this description is re- 
markable for its clearness, and practical details, and not less so from its being introduced 
by stating Papin to be tbe inventor of the steam engine in a most unqualified manner ; 
thouffh admitting the first to have been constructed in England. 

1788. Patrick Miller. 

36. — About this time various competitors for tbe application of steam navigation ap- 
peared, (1785 — 88 ;) in America, two rivals ; James Rumsey of Virginia, and John Fitcb 
of Philadelphia. In Italy the application of steam power to vessels was proposed by D. 
S. Serratti, and in Scotland by Mr. Miller of Dalswinton, who afterwards on the sight of 
a model of a steam carriage invented by Mr. William Symington of Falkirk, was so much 
pleased with the model that he desired Mr. Symington to make him a small steam engine, 
to work a twin or double boat on Dalswinton Loch. The engine having been accordingly 
executed, and put on board the boat, the experiment was made at Dalswinton in the autumn 
of 1788, and it succeeded so well, that Mr. Mdler commissioned Mr. Symington to pur- 
chase a gabert, or large boat, at Carron, and to fit up a steam engine on board of it, 
to make a trial on a larger scale. Every thing being completed, the trial was made on the 
Forth and Clyde canal, in the summer of 1789, Messrs. Miller, Stainton, Taylor, &c. being 
on board, and the result answered their most sanguine expectations ; but most unaccount- 
ably, afier having thus established, at a considerable expense, the practicabdity of employing 
the power of steam in navigation, Mr. Miller seems to have neglected it entirely .f 

37. — The theory of the steam engine still made small progress, though it excited some 
degree of attention. 

Bossut had described an atmospheric engine in the first edition of bis Hydrodynamiijue, 
in 1771, with some formula for its statical equilibrium ; in the edition of 1786, he investi- 
gated the proportion of counter weight, but for a particular case, and not including the 
actual circumstances of the moving forces. 

38. — A rotary engine was proposed in 1789 by Cooke.J and a patent was obtained 
for one in 1790, by Bramab and Dickin8on,|| and for another in 1791 by Sadler.^ The 
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peculiar construction of all these engines I need not describe, as the principle of a rotary 
engine will be shewn (o be attended by a loss of effect, which mechanical combinalion« 
caoDot remove. (See Sect. IV.) 

39. Bramah and Dickinson's patent included three varieties; the most simple of 

which is designed with pistons sliding in an eccentric wheel, the steam lo enter at S; 
and the opening to the condenser being at C, the pressure causes the smaller wheel to re- 
volve, and the pistons to slide in it. All the varieties are specimens of that beautiful 




style of executing machinery which Bramah contributed so much to introduce in tbu i 
country, and which has been carried to such high perfection by his pupil, the celebrated 
Maudslay. 

1790. Bettancourl. 
40, — Chev. Bettancourt, who was employed by the Spanish government to collect mo- 
dels of hydraulic macbinesi made a series of experiments on the force of vapour of water 
and of alcohol, at different temperatures. They are more accurate than those which were 
at that time before the public ; but still bad not that precision which is necessary to d^ 
velope the laws of the force of vapour. He made a model of the double acting engine, with 
■ new mode of forming the valves ; and, Prony says, from merely seeing the exterior of a 
double acting engine when at work.* 



1790. R. Prony. 

41. — M. Prony is the author of one of the most extensive of the French works on the J 
steam engine ; it forms a part of his " Architecture Hydraulique," which commences in the 
6r8t volume, and occupies nearly the whole of the second. 

■ Archi. Hjdranlique, Vol. I. p.5M. 
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.M. Prany b^fiMwith Ae properties of oakiric, and the laUes of Bett i mci WHt mi tlie 
fbrce of vapour ; and from the latter constructs empirical formula for cal«iilitiiig^ the ftirce 
of vapour at different temperatures. These are not a little complex considering their want 
of conformity with experiment. He then proceeds to the description of engines as then 
constructed, and their parts; which are illustrated by plates having figures on a large 
scale. When he arrives at the parallel motion, the naiture of the curve described by the 
exiremity of the piston rod is v^y fully investigated, with tables to Aew its variatimi from 
a straight line for a given range in the curve. It is followed by the proposal of a method 
for determining the diameter of the steam cylinder, which is little better tham telling Am 
artist to guess at it, and ^correct his guess 1>y an intricate formula. The part on the steam 
engine terminates with a calculation of the effect produced by a g^ven quantity of fuel, 
where the time of combustion is certainly erroneously introduced. 

The rest of the volume is occupied by an analytical investigation of empirical fontiQim 
for the expansrve forces of elastic fluids and vapours at different temperatures, whkii has 
been rendered wholly useless by later researches having shewn the experiments to be m- 
accurate 

It is remarkable that Prony had not acquired a knowledge of the advavtage of atsini 
acting expansively ; though when his second volume appeared, it had been fifteen years 
a contested discovery in England. Of his labours it may be said, that they afiyrd the 
strongest evidence that mere mathematical talent is not sufficient for the promotion ef m^ 
chanical science, otherwise the principles of die steam engine would not have remained 
to be investigated. 



1795. John Banks. 

42. — Mr. Banks, in a work on mills, published in 1795, has heated of the mftxinmm 
of usefiil effect in atmospheric steam engines. He considers the space, or length of the 
stroke, the given quantity, in which his investigation differs from those of Blake and Slneiw 
soo. He has, however, by considering the atmospheric pressure as a gravitating weight, 
failed in giving a correct solution. 

One of his problems mcludes the weight of the moving parts of the engine ; and he adds 
nofike useful practical formulae for the statical 'equilibrium of engines for raising water, with 
examples.* 

In 1S03, Mr. Banks gave some rules for the strength of engine beams, both for wood and 
cast iron ; and also a description of a g^uge for determining the state of rarefaction in the 
cylinders and condensers of steam engines, in principle the same as the common barometer ; 
and differing from the ordinary condenser gauge by having a cistern instead of a syphon 
for the mercury. His rules for the strength of beams are to find the relation between the 
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pressure and brefJLing weight, and to let the breaking weight exceed the pressure by six^ 
eight, or ten times«^ 



1797. Edmund Cartwright. 

43. — ^The simple and neat combination of Cartwright next claims attention, and on 
more grounds than one. He attempted to condense the steam by means of cold applied 
externally to the condenser ; it consisting of two metal cylinders lying one within the other, 
and having cold water flowing through the inner one and enclosing the outer one. By this 
construction a very thin body of steam is exposed to a very great quantity of cooling sur- 
face. And, by placing the valve to change the steam in the piston, a constant'communica- 
lion is at all times open between the condenser and the cylinder, so that whether the piston 
ascends or descends, the condensation is always taking place. 

One of the chief objects of this arrangement was the opportunity it afforded of substituting 
ardent spirit or alcohol, either wholly or in part, in the place of water, for working the en- 
gine. For as the fluid with which it is worked is intended to circulate through the engine 
without mixture and very little loss, the using alcohol, after the first supply, it was ex- 
pected, would be attended with little or no expense. The power obtained from alcohol, it 
was then imagined, would require only half the ' fuel which was necessary to obtain the 
same power from water ; (see Sect. lY.) and Cartwright proposed, in some cases, to apply 
this engine to a still, to obtain mechanical power by the distillation of ardent spirit, so 
as to save the whole of the fuel.«f* How he was to keep the engine in a workable state, 
and yet obtain a pure spirit, neither he nor his friends seem to have considered. 

In order to reduce the friction of the piston, which, when fresh packed in the common way, 
lays a very heavy load upon the engine, Cartwright made his solely of metal, and expan« 
sive ; by this method he further expected some advantage from saving of time and expense 
in the packing, and from the piston fitting more accurately, if possible, the more it was 
worked. (See Sect. VH.) Cartwright was very jdesirous of simplifying all the other parts 
of his engme, having only two valves, and those are as nearly self-acting as may be. Cart- 
wright's engine is represented in the annexed figure. It is a single acting engine, and 
A is the cylinder; B, the piston ; I, the pipe which conducts the steam to C, the con- 
denser, which is a double cylinder, the steam passes between the inner and outer one into 
the pump D, which returns the condensed fluid back into the boiler, through E, the air 
box, with e its Valve. 

As the pipe from the pump, through which the condensed fluid is returned into the 
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boiler, pas»e« through the air box, what air or elastic vapour may be mixed with the 
fluid rises in the box, till the ball which keeps the vaire e shut, &Iia, and suffers it to 




F is the steam valve; a the piston valve ; H, H, two creaks, upon whose axles are two 
equal wheels working in each odier, for the purpose of giving a rectilinear direction to the 
piston rod ; and H is the cistern that contains the condensing water. The metallic pistons 
he formed of metal rings as shewn by the section of the piston, which hj springs are forced 
outwardly against the sur&ce of the cylinder, so that the piston may adapt itself to any m- 
equality in its form. The piston rod is also made steam-tight by a metallic box, con- 
structed in the same manner as shewn at N. O is the fly wheel for regulating the mo. 
tion of the engine. 

The metallic piston is the only part of the engine which wna«enlly new in principle, aad 
for its ioventioD we are undoubtedly indebted to Cartwrtght ; and though we cannot say 
any other part is new except in arrangement, we admire the appearance of simplicity and 
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arigiMdky wbidi distH^faiah hk desigB, eren knowii^ tiuit both theory and praetiee forbid 
UB attempting* to use the methods he propoaed. 

Cartwright included in his patent, a rotary engine, which is simple in appearance, bat 
in reality involves many difficulties, in construction, besides the loss of effect which must 
necessarily follow from steam acting on a rotary piston. 



1797. John Cwrr. 

44. — A work containing the proportions of the parts of atmospheric engines as they 
were executed in 1797, with brief technical directions for constructing them, illustrated by 
plates shewing^ the parts on a large scale, was published at Sheflteld, by John Curr.* It 
contains no general description of the engine, and he assigns no reasons for any of the pro- 
portions he has given, except when speaking of the pressure on the piston, he says, that 
when the pre^ure was increased from seven to eight pounds and a half per square inch 
the engine did less, and also when reduced to &1 lbs. it did somewhat less ; and he does not 
reconmiend a greater load than six and a quarter or six and a half pounds^f The engine had 
a sixty-one inch cylinder, and made twelve strokes, of eight feet and a half each, per mi- 
nute. The consumption of coals was ten hundred weight of small coal, or sleek, per hour. 
The power of the engine would be nearly equal to fifty«four horses' power, and as the 
ratio of coal to sleek is about as three is to four, it is equivalent to about 840 lbs. of roal 
per hour. And at this ratio, one pound of sleek niises 97,600 lbs. of water one foot high, 
and one pound of coats 130,000 lbs. one foot high. 

45. — In 1797, an engine on Saverjr's principle was described by William Nicholson 
in his Philosophical Journal, which Mr. Kier had erected in 1793. It acted wholly by 
condensation ; the steam vessel being raised somewhat above the height to which the water 
was to be raised. It had a provision for letting in a small portion of air between the steam 
and the water, and the construction was extremely simple and judicious. The boiler was 
seven feet long, five feet deep, and five feet wide, and it consumed six bushels (522 lbs.) 
of good eoal in twelve hours in its best state, abd seven in its worst state. Under these 
oircumstanoes it made ten strokes per minute, and raised seventy cubic feet of water twenty 
feet high in a minute. 

Aecordmg to this statement, in the best stale of the engine, eighty-seven lbs. of coal 
were consumed in two hours, or 120 minutes, and 1400 cubic feet of water raised one foot 
high per minute; or 1400 xl20ss 168,000 cubic fi^ by eighty-seven pounds of coal. 



* l%e Coal Viewer end BvgUe Bvlldert* Prtetical Conpaaion. 
t Idem. p. .40 



SECT. 1.] 



THE STEAM ENGINE. 



37 



which iqultiplied by sixty^two poauds and a half, the weight of a cubic foot of water, and 
divided by eighty-seven, gives 120,000 lbs. for the load raised one foot by one pound of 
coals, which is about one half the effect produced by an engine with a piston and Watt's 
condenser, and less than the effect of the common atmospheric engine as used for the coal 
mines. 

An attempt was also made to improve Savory's engine, by condensing in a separate vessel, 
by John Nancarrow ; but the nature of the engine does not permit of this being applied 
with much effect. 



1799. Matthew Murray, died 1826. 

46. — In the construction and improvement of some of the parts of engines, much was 
done by Mr. Murray, of the firm of Fenton, Murray, and Wood, of Leeds. These improve* 
ments were made the subjects of patents, and though it appeared that some of them had 
been before used by Boulton and Watt, they did not become publicly kpown till Mr. Murf^^ 
ray obtained patents for them. 

In his patent of 1799, in order to save fuel, Murray proposed to place a small cylinder 
with a piston on the top of the boiler, connected to a rack, by means of which the force of 
the steam within the boiler opens or closes tbe damper fixed on an axis in the chimney, thus 
increasing or decreasing the draught of the fires, so as to keep up a regular degree of 
elastic force in the steam. Mr. Murray also thought some advantage would be gained by 
placing the steam cylinder in an horizontal, instead of a vertical position, with a view of 
rendering the engine more compact than the usual construction ; he also adopted a new 
method of converting the reciprocating motion of the piston rod to a rotary one of equal 
power, by means of a property of the rolling circle, and shewed how to fix the wheels for 
producing motion alternately in perpendicular and horizontal directions.* 

47. — Mr. Murray's patent of 1801, was for six different objects: — First, for a method 
of constructing the air pump. — Second, for a method of packing stufiing boxes, &c. by 
bringing the moveable parts of each in immediate contact, which prevents the piston rod 
receiving any oblique pressure, by the lid being screwed down more upon one si^e than 
the other. — ^The third and fourth methods relate to the construction and motion of the 
calves. — ^The fifth was a method of connecting the piston rod to the parallel motion. — And 
the last for the construction of fire places, by which the smoke arising from the fire was 
to be consumed, and in which he had been anticipated.- 

48.— Another patent was obtained by Mr. Murray, in 1802, for a portable engine, but 
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as it included some of the methods for which Messrs. Boulton and Watt bad patents, it 
was at their instance repealed in the folluwina; year. 



1799. William Mttrdoch. 
49. — Mr. Murdoch, a partner in the firm of Boulton Wait and Co, obtained in 1799 a 
patent for some new methods of construclion.wbich consist of a mode of boring the metallic 
cylinders and pumps more equably by means of an endless screw, worked by a toothed 
wheel ; and a method of simplifying the construction of tiie steam vessel and steam case, in 
engines formed on Mr. Watt'.s plan, by casting the steam case of one entire piece, to which 
the cover and bottom of the working cylinder are to be attached. He also proposed to 
cast the cylinder and steam case in one piece of considerable thickness, and bore a cylin- 
dric interstice betn'een the eteam case and steam vessel, leaving the two cylinders attached 
at one end, and to close the other by a ring of metal. Another improvement incladed ia 
the patent was, a plan for simplifying the construction of the steam valves or regulators 
of the double engine, by connecting logelhcr the upper and lower valves, so as to work 
with one rod or spindle. The lube which connects them being hollow serves as an educ- 
tion pipe to the upper end of the cylinder, and a saving of two valves is effected ; and, lastly, 
he adds a scheme for a rotary engine consisting of two toothed wheels working in an air- 
tight vessel, which he imagined would work with considerable power. Mr. Murdoch's 
modes of moving the valves have added much to the simplicity and neatness of the double 
engine, and to his skilful superintcndance the steam engine owes many of its perfec- 
tions; and its success in Cornwall was greatly aided by his activity, integrity, and re- 
sources for overcoming the difficulties which the drainage of the mines presented. 



ISOI. Dr. John Robison, born 1739, died IS05. 
50. — Dr. Robison, to whom the mixed mechanical sciences are so much indebted fur a 
more judicious combination of theory with practice than is to be found in any preceding 
author, and for treating them in a more popular style, seems to have bestowed much at- 
tention oti the principles and construction of the steam engine. His analytical knowledge 
was ample for the purpose, and the access of the friend of Walt to practical data must 
have been easy in proportion as Watt was the liberal friend of science; therefore, much 
is expected when we lake up the volume which contains the articles of Dr. Robison on the 
steam engine. 

The first article contains a rather diffuse statement of the physical properties of steam. 
The phenomena of boiling, and the cftecl of pressure in altering the temperature necessary 
for ebullition, and the popular doctrines of latent heat, are fully slated. It also contains 
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a series of experiments on the elastic force of the steain of water, and of alcohol, (se« art. 
95&I04 ;) and we have only here to remark on them, that they were not Jnade with sufficient 
accuracy even to ^stahlish the justness of some of his own views on the Bubject; also, 
the rule for the elastic force of steanl derived from these experiments, and stated to be 
" sufficiently exact for practical purposes" is very far from beinn^ bo, and has had a little 
effect in misleading some of the engineers who have ventured to speculate on the im- 
provement of steam engines. But, on the whole, Dr, Robison's is the best article on steam 
I have seen. 

The article on the steam engine consists of the history, mixed with detailed descriptions 
of the engines of Savery, Newcomen, Watt, &c. ; and such theoretical discussion as he 
has given is also blended in the same mass. In the historical portion the memory of 
Papin is not quite so respeCtfnlly treated as we could have wished, and the circumstance 
of Watt being the private friend and countryman of the author has not been without its 
ef}'ect on the historian. In other respects Dr. Robison has been impartial. In description 
there is a want of system, but he is full and particular; and he has been of unknown value 
ill giving information to the competitors of Boulton and Watt, and in furnishing matter 
for minor writers. In theory he has reprinted the speculations of Bossut respecting the 
best velocity for atmospheric engines, with some additions, and Watt's mode of com- 
puting the pressure on the piston of the expansive engine ; but neither of these inquiries 
are conducted in such a manner as to be of use to engine makers. 

The reputation of Dr. Robison has given much additional value to his articles on the 
steam engine; hence their effect has been unparalleled, and if we find little of novelty in 
his labours, it was no small favour to have the scattered knowledge on the subject collected 
with so much skill, and treated with so much clcarncsis and good taste. 

51. — A modification of Watt's manner of constructing boiler 6re places was contrived 
in 1800, by Messrs. Roberton, of Glasgow, which itt more convenient in practice though 
the same in principle. (See Sect. III.) They also attempted to make the steam which 
escapes by the sides of pistons useful in adding to the effective power of engines. But 
tbe complexity and expense of apparatus to obtain so small an increase of power, renders 
this and some other expedients of that Itme of little if any value. 



1601. Joseph Bramah, born 1749, died 1814. 

52. — The rotary engine, the joint product of Messrs. Bramah and Dickinson, has already 
been noticed, (art. 3d.) lu IHOl Mr. Bramah obtained a patent for a new mode of 
applying the four-passaged cock to steam engines, with some other variations in their con- 
struction. 

The four-passaged cofk be made to turn continually in the same direction, and yet 
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product tbe same eiect as by turning* it backwards and forwards, but by turning coin 
slantly the sam^ way the wear is rendered more equable, and consequently the combina* 
tion is more durable. 

He ilso adjusted the movements so as to give, at the proper time, as instantaneons and 
free a passage to the cylinder and condenser as possiUe ; and formed the apertures so 
that the cone might be pressed equally into its seat by the force of the steam. 

The mining and manufacturing interests of the country felt most severely the injurious 
effect of the exclusive privileges that had been granted to Boulton*and Watt, without thos^ 
restrictions which ought to guard public rights when a power of monopoly is renewed ; 
and their claims to those privileges were strongly contended against, and tbe imperfections 
of their specification exposed with enthusiastic warmth, by Mr. Bramah, in a pamphlet 
published in 1797. Indeed the fortunate idea of condensing id a separate vessel, which in 
Watt's sii^le engine is the only essential part in saving of fuel beyond what Smeaton had 
accomplished^ would undoubtedly in a short time have occurred to some other person^ and 
mines must have been drained at a more economical rate, long before that monopoly 
ceased. The progress of the public good should never be retarded for individual interest, 
and therefore monopoly should never be renewed except so that any other person may, at a 
fair and at a fixed rate of licence, join in it. 

53. — A series of tables for the proportions of the cylinders of atmospheric engines, to 
produce a given effect, were published, in 1801, by Mr. Thomas Fenwick, whose employ- 
ment in the management of coal works near Newcastle gave him a good c^portnnity of 
knowing what would answer best in practice. 

He infers from some experiments that the whole friction of the atmospheric engine is 
about four pounds per square inch, on the area of the piston, and on account of the frequent 
bad effects attending designing an engine with too small an allowance for excess above its 
ordinary work, he makes his computations at five pounds and a half effective power for 
each square inch of piston. 

In a later edition of his work he gives tables for an improved atmospheric engine with 
a separate condenser in which the ratio of the effect is as 17 ; 10, when the same siaed 
cylinder is used. The saving of fuel he does not mention, as at coal works it is dot con* 
sidered of much importance ; for if the first expense of an eng^e be small, and its opera- 
tion simple and efficient, it is of more value to a coal owner than a finer piece of ma- 
chinery. 



1801. Johti Dalton. 

54. — At this period a knowledge of the nature and properties of vapours began to be» 
come important in chemical science, in aseteorology, and in other branches <^ natural pbilo- 
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0ophy, and therefore a M'holly difierent class of writers engaged in the investigation, which 
had made so little . pN^ess in the hands of mechanical people. The first chemist who 
distinguished himself by attempting a full investigation of the theory of vapour was Mr. 
John Dalton. He made an accurate series of experiments on the expansive force of steam 
at temperatures lower than 2 1 2<', — ^made experiments and ascertained various phenomena 
relative to the expansion of gases, the mixture of air and vapour, the nature of evaporation 
and of combustion. And though he failed in his att^npt to reduce any of these to general 
laws, yet he gave such an impulse to the inquiry as rendered it one of universal research 
among chemical philosophers. The importance of Dalton's inquiries, and even their 
connection with the theory of the steam engine, did not appear, at first, to be much no- 
ticed. The idea that Watt had done every thing possible to be done respecting the power 
of steam had stopped inquiry among men of science, and left the manufacturers and capi- 
talists of the country, who were wishful to encourage improvement, to be guided by vain 
and ignorant projectors, or ruined by pretending knavery. 



1802. William Syndngton. 

55. — In 1801, Mr. Symington was encouraged to proceed with a steam boat, by 
Thomas, Lord Dundas, of Kerse, who wished that one might be applied to drag vessels on 
the Forth and Clyde Canal in place of horses, and accordingly a series of experiments on a 
large scale, which cost nearly £9000; were set on foot in the year 1801, and ending in 1802 
The boat Mr. Symington mi^de was for towing, and it had a steam cylinder twenty-two 
inches in diameter, and four feet stroke. A complete model of it, with a set of ice-breakers 
attached, may be seen at the rooms of the Royal Institution in London. This tow-boat 
proved to be very much adapted for the intended purpose, but no direct practical applica- 
tion of steam power to this object resulted from it. 



1802. Trevithick and Vivian, 

56. — ^The idea of a high pressure engine had occurred to JLeupold, (art. 12.) and to Watt, 
(art. 26.) but neither of them had reduced their notions to practice^ and it was not till 1802 
that this simple mode of applying steam was brought into use by Messrs. Trevithick and 
Vivian.* Their object seems to have been to form a simple and portable engine for cases 
where water was scarce,^ or where gaining the whole effect of the fuel was of less conse- 
quence than moving a cumbrous load of matter. 
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Indeed their high pressure engines were intended chiefly for propelling of carriages 
upon rail-roads, and when used for this purpose the boiier was composed of cast iron, of 
a cylindrical form ; mounted horizontally upon a frame with four wheels, the cylinder of 
the engine being placed vertically within the boiler near lo one end. The piston rod 
moYed a cross bead, between two guides, and by a connecting rod descending from each 
end of the cross head to two cranks the motion was communicated to the wheels of a car- 
riage; a fly wheel iu this case is not required because the momentum of the carriage sup- 
plies its place. 

The first trial of this species of moving power for carriages took place on a railway 
at Merthyr Tidvil in 1805. Its use was not at that period followed up, but it is now 
with some slight modifications extensively employed on rail-roads. 

Several projects for trifling variations in the construction of engines, and for methods 
of applying fuel, appeared about this time, but none of either sutBcieot novelty or imporU 
ance to claim particular attention. 

The nature and application of heat had been so well illustrated by Rumfurd, and many 
of its more recondite properties so ably developed by Leslie, that there seemed to be little 
reason to expect any material improvement beyond the best mode then in practice. The 
cylindrical boilers which Blakey projected, and Ruuiford bad tried, were again renuv 
(lelled by Woolf; but in his practice we 6nd he has reverted to methods nearly like 
those of Rumford, instead of continuing to follow his own. The steam engine itself had 
also apparently obtained its most simple and efficient form, except in the eyes of those 
who expected to use its direct rotary action. The fact however was otherwise, for by a 
most simple change of a previous combination it had to be materially improved. 



1804. ^ulhur Woolf. 
57. — The mode of condensation invented by Watt being now public property, and the term 
of Hornblower's patent having expired, Mr. Woolf adopted the arraugement of the latter, 
with the alteration of using high pressure steam in the small cylinder, and employing 
the coudensing apparatus of Watt. But a change of the working force of the steam would 
have been too slight a ground to have claimed a patent upon, and therefore he commences 
his specification with a claim of the discovery of a new law of the expansibility of steam. 
This law of expansibility he stated, with much confidence, as the result of experiments; 
but no doubt he had deceived himself. His assumed law of expansion, is, that steam 
generated at any number of pounds above the pressure of the atmosphere will expand 
to an equal number of times its volume, and still be equal in elastic force to the pressure 
of the atmosphere, the temperature being unaltered. Hence steam generated at forty 
pounds on the square inch was expected to expand to forty times its bulkt and yet be 
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it is a well known law of the expansion 
of fluids that the temperature being constant, the bulk is inversely as the pressure ; and 
calling the pressure of the atmospliere futirteen pounds, we have 14 : 14+40 ; : 1 : 4, nearly. 
Therefore steam generated at fifty-four pounds on the square inch, or forty pounds above 
the pressure of the atmosphere, would expand only to four instead of forty times its 
volume. (See art. 120.) And tbough Woolfs assertions were so directly opposed to the 
laws of (he constitution of elastic fluids, they have found their way as undoubted ex- 
perimental truths into works which ought to have high claims to respectability ; and it 
should be a lesson of care to authors, unless (hey have nu higher wish than to reprint ad- 
vertisements. 

The employment of high pressure steam to act expansively by means of a double cylin- 
der, gives the utmost degree of power in the most efjiiable manner, and with the most safety. 
Hence either for machinery engines, or mine engines, it seems the most economical mode 
of obtaining power. I object to strong steam on account of its danger, but my readers may 
not have like apprehensions. Woolfs other patents are for projects of little if any value. 

58. — It would be an omission to pass without notice the exertions made by Oliver 
Evans about this period to get into use the high pressure steam engine. His scheme for 
employing it had not at tirst many supporters, and he had »ome rivals. His engine differs 
little from that of Trevithick and Vivian in construction, but from a work called " The Abor- 
tion of the Young Steam Engineer's Guide" it appears, that the expansive force of the 
steam was to be employed. The '.' Abortion" is a curious work, it betrays that strange 
mixture of absurd speculation and indistinct perception of truth, which distinguishes the 
generality of enthusiastic projectors, and is valuable only to those who can select bjp 
means of previous knowledge or experience. A volcanic steam engine, and (he idea v^ 
employing the force of solar heat by means of a burning glass to work an engine, are 
among bis projects. 

59. — The claims of our American brethren to improvement, and to judicious construc- 
tion and application, are however much stronger tiian (hose of our continental neighbours; 
atid of American claims we have reason to speak with pride rather than with other feel- 
ing. British genius and industry have not been extinguished by transplanting to another 
climate. It is true that many of the projects they have yet formed are rather extravagant 
tliaa novel, being seldom founded on the sober reasoning of science. Time will, however, 
check this evil, and we may expect them to hold that rank in the new world which Bri- 
tain has held with such honour for some centuries in the older portion. The chief object 
of their engineers has been to render steam useful in navigation ; and considering (he 
importance to America of navigating her immense rivers, it is not surprising that the ap- 
plication of the power of steam to propelling vessels should by persevering efforts have 
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been first carried into snccessfnl practice in that continent. This was achieved tfaroogb 
the activity and zeal of Mr. Fulton, who appears eyidently, howcTer, to hare derived 
much of his knowledge of the subject from what was done in Scotland. The fint 
American steam boat that completely succeeded was launched at New York, on the 3rd 
of October, 1807, fitted with a steam engine made by Boulton and Watt for Mr. Fulton in 
1804»* and soon afterwards this vessel plyed between that city and Albany, a distance of 
160 miles. 

60. — ^The successftil introduction of steam navigation in Britain we owe to Mr. 
Henry Bell, who, in 1811, built a steam vessel according to his own plans, with a forty 
(set keel, and ten feet six inch beam, fitted it up with an engine and paddles, and called 
it the Comet, because it was built and finished the same year that a large comet 
appeared. 

Since that time the progress of steam navigation has been exceedingly rapid, and has 
had a most beneficial influence on the trade of the country. 

61 .-^An almost innumerable quantity of schemes for improvements on. the steam 
ei^fine have been crowded on the public eye within the last ten yean, but except a few 
for jmprovemeiitB in construction, of small importance, there has been nothiiig done 
that is worthy of detaining the reader to notice, towards either the improvement of the 
engine, or of the mode of generating steam, so as to increase the power of a given quantity 
of fuel in the steam eiq^ine. 

62L— Some valuable experiments on the elastic force, bulk, and latent heat, q( steam, 
made by Mr. John Southern in 1809, wore published by Mr. Watt, and the experiments 
of Dr. Ure and Mr. P. Taylor on the elastic force of steam, have led to a considerable 
advance in theoretical investigatioii. The improvements in the manufiicture of steam en- 
gines have also been important; but we have no reason to expect any material in« 
crease of its powor; it seems to have reached its limit, and we might equally hope 
to add strength to a man or a horse. New modes of applying the power (rf steam 
may be devised, and new objects may be fimnd to which it may be applied with 
advanti^pa, and its diewetical principles will become more generally and more perfectly 
known. 

It may also be found that the vapour of some other substance may be used with advan- 
tage, in eeitain cases, instead of that €S water ; of this, however, there is not much hope; 
and my reasons for this opmion will be shewn in treatiiq^ of the properties of vapour, (art. 
ll(k) PvDbaUy some other source of power will be discovered which will divert the at- 
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tentiotf of prqiectors, and the only one in nature which appears unemployed by man aeetiU 
to be that of the electric fluid ; how far.it may be rendered useAil is a matter of curioua in- 
quiry , and dangerous in proportion to its power and our ignorance of its nature. 

63.-*-Some idea of the rapid progress of the application of al^am power may be 
formed from the drcumstance, that, in the year 1789^ tbcf first steam engine was erected in 
the town of Manchester : before that time the manufactories were 4ji(persed tbroiighout 
the remotest districts, as they depended chiefly upon falls of uTater for power, the more 
expensive onelof animal force being the only remaining expedient* The engines ef Wall 
produced the most complete revolution in this respect* The fectoriea were transported 
from the most wild and inaccessible places Ui towns and cities ; and furaisbed with the 
means of uniting, under the same foof, the various branches of the manufaetnni, so that 
the raw material is now, with astonishing rapidity, converted into the most perl^t clblb« 

In Glasgow, the first steam engine, erected for spinning cotton, was put up in January, 
1792, at Scott and Go's, cotton mill, near Springfield. This was seven years after Boulton 
and Watt put up their first steam engine for spinning cotton in Messrs. Robinsons' mills, 
at Papplewick, in Nottinghamshire; 

The number of steam engines in Glasgow and its neighbourhood in 1825, as collected by 
Mr% Cleland, is 





Number of engines. 


Horse power. 


In manufactufies 


. 


176 


a 


2970 


In collieries 


• 


58 


• 


1411 


In stone quarries 


• 


7 


. 


39 


In steam boats • 


• 


68 


. 


1926 


In Clyde iron works • 


• 


1 


• 


60 ► 



Total 310 6406 

The average horses' power of the engines is 20^. 

The steam engines in Great Britain and Ireland, employed in the year 1817, in the ma- 
nufacture of cotton yarn, amounted to more than 20,000 horses' power, and such has been 
the advantages resulting firom the application of machinery, that one person can produce 
more yarn in a g^ven time, than 200 could have produced about sixty years ago. 

In the iron, woollen, and flax manufactures, the beneficial effects from employing the 
steam engine have been equally important. 

The total extent to which steam power is applied in Great Britain, is estimated, by Baron 
Dupin, to be equivalent to the power of 320,000 horses in constant action. To this immense 
command of power our country owes much of its commercial prosperity, besides a vast 
addition to the comforts and conveniences of life« 
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The inoreafied emplojnmeiit of steam has, however, in no instanee been so great as in its 
application to navigation in Britain. A solitary steam boat navigated the Clyde in 1811 ; 
in 1825, fifty-one steam boats plyed on that river ; and from the first successful trial in 181 1 
up to 1822, the number of steam vessels in Britain increased to about 140, with a power 
equivalent to the exertion of 4700 horses, and a tonnage of 16,000 tons. * 

64. — ^In concluding this historical sketch it is of some importance to remark, that the 
whole tends to prove that the steam engine, in the highest state of perfection it has yet at- 
tained, is entirely of British origin. The remark extends to the discovery of physical prin- 
ciples, as well as of mechanical combinations. No new principle, nor no new combination 
of principles; has yet been derived from a foreign source ; the most perfect of foreign steam 
engines being profiessedly copied from British ones, and not unfrequently manufactured by 
British workmen. 



SECTION II. 



OF THE NATURE AND PROPERTIES OF STEAM, ITS ELASTIC FORCE, 

EXPANSIVE FORCE, AND POWER OF MOTION. 

Art. 65.— IV ATURAL bodies exigt in three states, the solid, the liquid, and the gaseous. 
The state of many of them may be changed ; thus, water may be in the solid state, as ice, 
in the liquid, as water, in the gaseous, as steam; and these changes take place only 
under particular degrees of heat and pressure : but there are some gaseous bodies which 
cannot be reduced to the liquid form by the means we^at this time are acquainted with ; 
though there has been so much accomplished as to render it tolerably certain, that all 
the gases known would be reduced to liquids, were they exposed to sufficient pressure and 
reduction of teiliperature. 

66.-— Those gases which are not changed into liquids, by the ordinary changes of tem- 
perature and pressure, are called permanent gases. 

The gases which condense into liquids, by the common changes of temperature and 
pressure, are called vapaursj or steams ; I intend to use the term steam in preference to 
▼aponr. 

67ir— Heat is diffused through all the bodies in nature, whether they be in the state of 
solids, liquids, or gases, and it constantly tends to an equilibrium ; so that, when by any 
means it is accumulated in particular substances, a porti(Mi is quickly given off to the sur- 
rounding bodies, to bring the whole to one common temperature. On the other hand, 
where bodies have been deprived of a portion of it, heat is given off to them by, or heat 
passes to them irom, the surrounding bodies, to rotate the equilibrium. 

OS.— -When there is an equilibrium of heat, or the adjoining bodies are of the same 
temperature, if it be destroyed by the introduction of a fresh quantity of heat, different bo- 
dies will be found to absorb different quantities of the new portion of heat in restoring the 
equilibripm. The peculiar quantity which each body absorbs, under the same circum- 
stances, is denominated the specific heat of that body. In comparing the specific heats of 
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bodies, that of water at 60^ is considered to be unity, and therefore becomes a measure of 
all the rest. 

69. — The property of bodies to hold different quantities of heat at the same tempera^ 
ture, is sometimes called capacity Jbr heat ; but this term should be applied only to the 
whole quantity of heat in a body, otherwise it becomes the same as specific heat. Hence* 
when I speak of the capacity of a body for heat, it must be understood as applied to the 
whole quantity of heat the body contains. 

70. — The dimensions of bodies are enlarged when heat is poured into them, and they 
contract when it is taken from them. And the natural consequence of bodies absorbing 
different quantities of heat to cause an equal change of temperature, is, that they do not 
all expand nor contract alike by the change. 

The incontrovertible fact, that d^erent substances have different capacities for heat 
being established, another necessarily presents itself which, though it could not possibly 
escape observation, has seldom been properly applied. It is, that in every chemical 
clMiQge we efiect» we are altering the capacities of bodies for beat, and, consequently, 
derangii^ the equilibrium of heat ; for the products difier in their capacity from the m» 
^redieniU. 

71«— *By the n^re addition of heat many solids assume the form of liqoidsy and liqukb 
the gaseous state. On the other hand, gases, by an abstraction of heat, become liqokk, 
and liquids solids. Bat even this change of state is accompanied by a cbai^ of capacity 
The capacity of steam fbr heat is greater than that of water ; for steam requires a& ad* 
ditional quantity of heat, and that heat w^ich is required to expand the partideB of a 
liquid to the distance they are apart in the state of steam, does not affect tlie tbemome* 
ter. That is, when a given quantity of water, heated to 212<>, is converted into steam of 
the same temperature, the heat necessary to produce the change, from water to sttam, 
would raise the temperature of about six times as much water from the mean tempemtiire 
to 212^. 

72.-^The heat absorbed by steam or vapour, .during its formation, is oaUed fa* 
tent heat: it k, however, a term which conveys a false notion of the state of beat in 
bodies, for the heat is not latent, it is simply a difference of quantity, and not of quality ; . 
and some term that would convey a more accurate idea of the phenomena would he 
better. 

73. — The heat cmbined or disengaged by a change c^ the state of a body, called latent 
heat, is measured in the same manner as specific heat ; that is, by the qnaotity of heat ne- 
cessary to raise the temperature of water one degree at 00^. 

It was the eminent Dr. Black who first discovered, (in 1762,) that a change of state in 
natural bodies requires a certMn addition or diminution of heal ; and that the qoaniity is 
difimnt fbr difierent bodies, and also diffiarent according to the nature of the cbai^. 
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The imporlAnce of this discoverj to general scienee is great, aod ks finest pmelioal appli- 
cation i» to the principles of ike steam engine. 

74.--:The additional heat in the vapour or steam of any liqaid, is not very easily d)9- 
termined, bnt since the discovery of Dr. Black, experiments have been made by several 
philosophers, distinguished for their accuracy and skill in such delicate researches. The 
method adopted by Dr. Black is simple and easily tried, but not accurate. When- a vessel 
containing water is placed on a fire, the water gradually becomes hotter till its temperature 
reaches 2 12^, but after that its temperature does not increase. The water is^flying off in steann 
and the heat not raising the temperature higher, as we know it would do if the vessel 
were closed, we must conclude, that the heat which would be communicated to the water 
in a close vessel combines vniii the steam in an open one, and yet does nol increase the 
temperature of that steam to more than that of boiling water. To ascertain the quantity 
of heat which is combined with steam. Dr. Black put some water in a tin plate vessel upon 
a red hot iron. The water was of the temperature 50° ; in four minutes it began lo boil^ 
and in twenty minutes it was all boiled off. During the first four minutes it had received 
162° or 40i* per minute. If we suppose that it received as much per ikihiute during the 
whole process of boiling, the heat which entered into the water, and converted it into 
steam would amount to 40^ x 20 ^b 810\ This 810 degrees of heat is not indicated by 
the thermometer, for the temperature of steam is only 212° ; therefore Dr. Black called it 
latent heat.^ But. the result is obviously inaccurate,* because steam is fbrMed during 
the heating of the water to the boiling point, and the vessel is losing heat from its surfaces 
in unequal quantities, and the effect of the fire is also unequal, being less as the heat of 
the water increases. 

75. — The heat required to form steam may be more accurately determined by con- 
densing the steam by a cold fluid, and the heat communicated to the fluid by a given 
weight of steam gives the additional quantity of heat contained in the steam. Mr. Watt 
made various trials in this manner in 1781, and those on which he placed the most reliance 
gave 950° for the additional heat in the steam of water.f Count Rumford, Mr. Southern, 
and Dr. Ure made experiments on this principle.^ 



• Dr. Thomson's System of Chemistry, Vol.* I. p. lOI. 

+ Watt's Notes on Robison's Mech. Phil. Vol. II. p. 7. 

X This mode of condacting the experiment has sometimes led to erroneous results through a waut of attention to 
the mode of calculation. The quantity of heat being measured by the specidc beat of water, let W be the weight 
of water used to condense the slearo, and t its temperature after the steam has been condensed in it ; t being tlie 
quantity its temperature is raised. Also let w be the weight of steam, and t its specific heat when condensed ; and x 
the whole heat required for its formation into steam. 

Then the heat communicated to the water by the steam, is as Jts weight multiplied by the rise of te'npefature, 
or Vf.ir, 

H 
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Alao water may be heated in Papin's digester to 400* without boiling ; because the 
steam is forcibly compressed, and prevented from making its escape. If when heated to 
400* the mouth of the vessel be suddenly opened, part of the water rushes out in the 
form of steam, but the greater part still remains in the form of water, and its temperature 
instantly sinks to 212* ; consequently, 188* of heat have suddenly disappeared. This 
heat must have been carried off by the steam. Now as about one-fifth of the water is 
converted into steam, that steam must contain not only its own 188% but also the 188* lost 
by each of the other four parts; that is to say, it must contain 188* x 5, or about 940* 
of heat. 

76. — ^The experiments of Dr» Black are not greatly different from the result obtained 
by Schmidt, for the latter found the heat of steam to be 6*33 times the heat which is re- 
quired to boil water of the temperature 32^, the barometer being at 29*84 inches.* This 
is the best mode of expressing the heat, for there is reason to believe that the specific 
heat of water is not the same for every rise of temperature. But to reduce it to the 
usual measure in degrees; there are 180^ between the boiling and freezing point, hence 
180 X 6*33 = 959*4* for the additional heat of steam. 

77. — Mr. Southern, and Mr. W. Creighton, in 1803, made some experiments by condens- 
ing steam with a considerable degree of care ; the steam being generated at diflTerent tem- 
peratures and pressures. The pressure, temperature, heat of formati<tn, and bulk of 
the steam, from a cubic inch of water, are shewn in the following table : 



The condensed steam hms the temperature t after the operation, and as its whole heat was x.w before coDdensa- 
ion, it must be l.f.w after. Therefore 

Wf=zxw--^t8w, or + t 8 zs X s: 

w 

the measure of the heat that will form the weight of steam nr. 

If T be the temperature of the steam before condensation, and m* its specific heat ; then 

+ ^s - T «'=s 

to 

the heat of conversion into steam ; and it appears from experiment to be nearly a constant quantity for the tame 
liquid. 

But it is usual to suppose the specific heat of equal weights of the steam and the liquid which forms it to be the 
same, and then ^ 

' 5 (T — O = 

w 

the heat of couTersion. And for water where i == 1, it t)ecomes 

+ < _T ss 

w 

heat of coDTersion . 

. * Nichol80ii*s Philosophical Journal, Vol. V. p. 806, octavo series. » 
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PROPERTIES OF STEAM. 



di 



Pressure in inches 
of mercQry. 


Tempermtare. 


Heat required to 
form the steam. 


Bulk of steam 

from one cubic 

inch of water 

at 60«. 


Bulk calculated 
from the first ex- 
periment. 


40 

80 
120 


* 

229* 
270« 
295» 


1157o 
12440 
1256» 


.208 
588 
404 


1208 
635 

427 



If from the whole heat we deduct the difference of temperature, we have 1157^, 1208*, 
and 1190* ; whence it appears that the heat to form steam is nearly a constant quantity 
when the temperature is the same, being independent of the density. 

Therefore the most convenient mode of expressing the quantity of heat is that adopted 
by Mr. Southern, which consists in ascertaining the constant quantity of heat required to 
be added to the actual temperature of the steam to give the whole beat necessary to form 
it. This quantity is 

1167-229 = 928'; 1244-270 = 974*; and 1256-296=961*; and the mean 
954\ 

In another set of experiments, made under the same pressures and temperatures, the 
quantities of heat required in addition to the temperature were 942*, 942* and 950*^* the 
mean being nearly 946*", and the mean of both sets 949*. Ip this set of experiments an 
allowance was made for the heat communicated to the vessel, in the former set none, was 
made. 

These experiments are valuable because they afford a proof that the additional heat of 
steam is either accurately or nearly a constant quantity. 

78. — ^And they also shew that the bulk or volume of steam is inversely as the ptes^ 
mre, when the temperature is not altered. For as 80 : 40 : : 1208 : 604, which added to 
the expansion would be 636, nearly ; and 120 : 40 : : 1208 : 402, and adding the expansion 
it is 427, nearly; and conversely the density is directly as the pressure: the experi^ 
ments being quite as near as could be expected in so extremely delicate an operation. 

79. — Count Rumibrd obtained a higher result : and, from his known skill in such 
inquiries, much confidence may be placed in his experiments. The heat was measured 
by means of the temperature communicated to a copper vessel fifled with water, which 
be called bis calorimeter. Within this calorimeter a thin serpentine pipe, of copper, con* 



* Rotnton's Mechan. Phil. Vol.11, p. 160—160. 
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Alao water may be beated in Papin's digester to 400* without boiling ; because the 
steam is forcibly compressedy and prevented from making its escape. If when heated to 
400* the mouth of the yessel be suddenly opened, part of the water rushes out in the 
form of steam, but the greater part still remains in the form of water, and its temperature 
instantly sinks to 212* ; consequently, 188* of heat have suddenly disappeared. This 
heat must have been carried off by the steam. Now as about one-fifth of the water is 
converted into steam, that steam must contain not only its own 188% but also the 188* lost 
by each of the other four parts; that is to say, it must contain 188* x 5, or about 940* 
of heat. 

76.— The experiments of Dr. Black are not greatly different from the result obtained 
by Schmidt, for the latter found the heat of steam to be 6*33 times the heat which is re- 
quired to boil water of the temperature 32^, the barometer being at 29*84 inches.* This 
is the best mode of expressing the heat, for there is reason to believe that the specific 
heat of water is not the same for every rise of temperature. But to reduce it to the 
usual measure in degrees; there are 180* between the boiling and freezing point, hence 
180 X 6*33 = 959*4* for the additional heat of steam. 

77. — Mr. Southern, and Mr. W. Creighton, in 1803, made some experiments by condens- 
ing steam with a considerable degree of care ; the steam being generated at different tem- 
peratures and pressures. The pressure, temperature, heat of formati<tn, and bulk of 
the steam, from a cubic inch of water, are shewn in the following table : 



The condensed steam hms the temperature t after the operation, and as its whole heat was x,v before condeosa* 
ion, it must be i.t,w after. Therefore 

Wf=zXW--^t8W, or + t 8 =1 X =: 

W 

the measure of the heat that will form the weight of steam w. 

If T be the temperature of the steam before condensation, and t^ its specific heat ; then 

+ ^s - T «' = 

to 

the heat of conversion into steam ; and it appears from experiment to be nearly a constant quantity for the sane 
liquid. 

But it is usual to suppose the specific heat of equal weights of the steam and the liquid which forms it to be the 
same, and then ^ 

' 5 (T — O = 

w 

the heat of conTersion. And for water where « == 1, it becomes 

w r 



+ < — T a= 



w 

heat of conTersion. 
. * Nicholsoii*s Philosophical Journal, Vol. V. p. 806, octavo series. » 
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di 



Pressure in inches 
of mercQry. 


Tempermtare. 


Heat required to 
form the steam. 


Bulk of steam 

from one cubic 

inch of water 

at 60o. 


Bulk calenlatM 

from the first ex* 

periment. 


40 

80 
120 


229* 
270« 
295» 


1157o 
12440 
1256» 


.208 
588 
404 


1208 
€35 

427 

■ 



If from the whole heat we deduct the difference of temperature, we have 1157*, 1208*, 
and 1190* ; whence it appears that the heat to form steam is nearly a constant quantity 
when the temperature is the same, being independent of the density. 

Therefore the most convenient mode of expressing the quantity of heat is that adopted 
by Mr. Southern, which consists in ascertaining the constant quantity of heat required to 
be added to the actual temperature of the steam to give the whole heat necessary to form 
it. This quantity is 

1167-229 = 928*; 1244-270 = 974*; and 1256-296=961*; and the mean 
954*. 

In another set of experiments, made under the same pressures and temperatures, the 
quantities of heat required in addition to the temperature were 942*, 942* and 950*,* the 
mean being nearly 945*, and the mean of both sets 949*. Ip this set of experiments an 
allowance was made for the heat communicated to the vessel, in the former set none, was 
made. 

These experiments are valuable because they afford a proof that the additional heat of 
steam is either accurately or nearly a constant quantity. 

78. — ^And they also shew that the bulk or volume of steam is inversefy as the ftes^ 
sftre^ when the temperature is not altered. For as 80 : 40 : : 1208 : 604, which added to 
the expansion would be 636, nearly ; and 120 : 40 : : 1208 : 402, and adding the expansion 
it is 427, nearly; and conversely the density is directly as the pressure: the experi^ 
ments being quite as near as could be expected in so extremely delicate an operation. 

79. — Count Rumibrd obtained a higher result : and, from his known skill in such 
inquiries, much confidence may be placed in his experiments. The heat was measured 
by means of the temperature communicated to a copper vessel fifled with water, which 
he called bis calorimeter. Within this calorimeter a thin serpentine pipe, of copper, con» 
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Alao water may be heated in Papin's digester to 400* without boiling ; because the 
steam is forcibly compressed, and prevented from making its escape. If when heated to 
400* the mouth of the yessel be suddenly opened, part of the water rushes out in the 
form of steam, but the greater part still remains in the form of water, and its temperature 
instantly sinks to 212* ; consequently, 188* of heat have suddenly disappeared. This 
heat must have been carried off by the steam. Now as about one-fifth of the water is 
converted into steam, that steam must contain not only its own 188*, but also the 188* lost 
by each of the other four parts; that is to say, it must contain 188* x 5, or about 940* 
of heat. 

76. — ^The experiments of Dr. Black are not greatly different from the result obtained 
by Schmidt, for the latter found the heat of steam to be 6*33 times the heat which is re- 
quired to boil water of the temperature 32^, the barometer being at 29*84 inches.* This 
is the best mode of expressing the heat, for there is reason to believe that the specific 
heat of water is not the same for every rise of temperature. But to reduce it to the 
usual measure in deg^rees; there are 180^ between the boiling and freezing point, hence 
180 X 6*33 = 959*4* for the additional heat of steam. 

77. — Mr. Southern, and Mr. W. Creighton, in 1803, made some experiments by condens- 
ing steam with a considerable degree of care ; the steam being generated at different tem- 
peratures and pressures. The pressure, temperature, heat of formati<tn, and bulk of 
the steam, from a cubic inch of water, are shewn in the following table : 



The condensed steam hms the temperature t after the operation, and as its whole heat was x.tr before condensa- 
ion, it must be i.s,w after. Therefore 

Wf=zxw^t8w, or + t 8 =z X =z 

w 

the measure of the heat that wiU form the weight of steam v. 

If T be the temperature of the steam before condensation, and t^ its specific heat ; then 

+ ^s - T «' = 

to 

the heat of conversion into steam ; and it appears from experiment to be nearly a constant quantity for the same 
liquid. 

But it is usual to suppose the specific heat of equal weights of the steam and the liquid which forms it to be the 
same, and then ^ 

' « (T — O = 

the heat of conTersion. And for water where « == 1, it t)ecomcs 

w r 



+ < — T 



w 

heat of conTersion. 
. * Nicholsoii*s Philosophical Journal, Vol. V. p. 806, octavo series. 
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PROPERTIES OF STEAM. 



di 



Pressure in inches 
of mercury. 


Tempermtnre. 


Heat required to 
form the steam. 


Bulk of steam 

from one cubic 

inch of water 

at 60*. 


Bulk caleolated 
from the first ex- 
periment. 


40 

80 
120 


* 

229* 
270« 
295» 


1157o 
12440 
1256» 


.208 
588 
404 


1208 
€35 

427 



If from the whole heat we deduct the difference of temperature, we have 1157^, 1208*, 
and 1190* ; whence it appears that the heat to form steam is nearly a constant quantity 
when the temperature is the same, being independent of the density. 

Therefore the most convenient mode of expressing^ the quantity of heat is that adopted 
by Mr. Southern, which consists in ascertaining the constant quantity of heat required to 
be added to the actual temperature of the steam to give the whole heat necessary to form 
it. This quantity is 

1167 -229 = 928*; 1244 - 270 = 974* ; and 1256- 296= 961* ; and the mean 
954\ 

In another set of experiments, made under the same pressures and temperatures, the 
quantities of heat required in addition to the temperature were 942*, 942* and 950* ,* the 
mean being nearly 946'', and the mean of both sets 949*. Ip this set of experiments an 
allowance was made for the heat communicated to the vessel, in the former set none, was 
made. 

These experiments are valuable because they afford a proof that the additional heat of 
steam is either accurately or nearly a couBtant quaniUy. 

78. — ^And they also shew that the bulk or volume of steam is inversely as the ftes^ 
snre^ when the temperature is not altered. For as 80 : 40 : : 1208 : 604, which added to 
the expansion would be 636, nearly ; and 120 : 40 : : 1208 : 402, and adding the expansion 
it is 427, nearly; and conversely the density is directly as the pressure: the experi^ 
ments being quite as near as could be expected in so extremely delicate an operaftMi. 

79. — Count Rumibrd obtained a higher result : and, from his known skill in such 
inquiries, much confidence may be placed in his experiments. The heat was measured 
by means of the temperature communicated to a copper vessel fifled with water, which 
be called bis calorimeter. Within this calorimeter a thin serpentine pipe, of copper, con* 
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tained the steam to be condensed ; hence the fluids did not mix tog^ether, and loss by the 
escape of Tafpour was prevented. 

The water which the calorimeter contained was of a lower temperature than that of the 
room by 6^ or 6^ ; and when the thermometer of the calorimeter announced an augment- 
ation of temperature of 10* or 12°, an end was put to the experiment. 

The water produced by the condensation of the vapour in the serpentine, was carefully 
weighed, and from its quantity, as well as from the heat communicated to the calorimeter, 
the heat developed by the vapour in its condensation was determined. 

As a small part of the heat communicated to the calorimeter, was produced from the 
cooling of the water, condensed in the serpentine pipe after the vapour had been changed 
into Water, an account was kept of this heat; It was^ supposed that the water at -the 
moment of condensation was at the temperature of 212*, being that of boiling water ; and 
it was determined by calculation, what part of the heat communicated . to the calorimeter 
most have been owing to the boiling water. 

In making this calculation, Ck>unt Rumford remarks, no ** account was taken of the dif* 
ference in the capacity of water for heat, which depends on its temperature: this is but 
imperfectly known ; and besides, the correction which would have been the result, could 
not but have been very small.'' 

The following are the details and results of two experiments, made on the 21st of January, 
1812. The duration of each of the two experiments was from ten to eleven minutes. 
The water had been boiled for some time to drive out the air which it cont|dned before 
the steam was directed into the serpentine pipe of the calorimeter. 



Temperature of 
the room. 


State of the celorimeter, equal in specific heat to 42900 

grains of water. 


Quantity of va- 
pour condensed 
Into water. 


Heat of conver- 
sion of the water 
into vapour in de- 
greea. 


Temperature at 
the beginniiig. 


Temperature at 

the end. 


Elevation of its 
temperature. 


1 


55|* 

57* . 

• 


67i 


12* 
10} 


OraiDt. 

457 
377 


1 

I029-5* 
I052-3* 


Mean. 1040.8o* 

1 



* Philosophical Mag. Vol. XLIII. p. 66. 
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The result of the second experiment being compared by our formula; (note t» art. 75,) 
we have 



42909 X 101 
a77 



+ 67§ = 1262-6, 



from whence, deducting 21 2o on the isupposition that the specific heat of steam is equal 
to that of water, we have 1050*5 for the constant quantity of heat for conversion into 
steam; the very small difference between this and Count Rumford's result, arises from 
the fractions neglected in reducing the French to Engjish weights. 

80. — Count Rumford also made experiments on the quantity of heat developed in 
the condensation of the vapour of alcohol ; the results of these experiments were less 
r^ular than those of the experiments made with water, as might have been expected^ 
but they were nevertheless sufficiently uniform to give the quantity of heat with eon* 
siderable certainty. 

The vapour which is extricated from spirit of wine when boiled, varies a little with ihef 
intensity of the fire used in boiling it ; he took care therefore to note the time which was 
taken ih every experiment, in order to be able to judge, by comparing the quantity of 
vapour condensed, with the time employed to form it, of the intensity of the facfat em- 
ployed to boil the liquid. In-ihe following table will be found the details and results 
of five experiments made on the same day, (January 21, 1812,) with alcohol of different 
degrees of strength. The specific heat of the calorimeter and the water it contained, 
was always equal to that of 42909 grains of water, and the thermometer employed was 
that of Fahrenheit. 



•t^ 



Specific gra- 
Tity of the 
alcohol em- 
ployed. 



81763 
84714 
85342 
85342 
85342 



Time em- 
ployed in the 
experiment. 



H mio. 

8 — 
7 

5 — . 

6| - 



Temperature 
of the apart- 
ment. 



6l» 

60S« 

61o 

61- 
64» 



State of the calorimeter. 



Temperature 
at the begin- 
ning. 



56a 

55|» 

54|« 

56» 

57» 



Temperature 
at the end. 



66§o 
65§a 
68^0 

7lio 



Elevation of 
its temp. 



10» 
14|» 
10:(« 
14^* 



Quantity of 
alcohol con- 
densed in the 
calorimeter. 



Qraiot. 

875 
755 

1079 
805 

1102 



Mean. 



fleat of con- 
version of 4he 
liquid l^to 
vapour. 



4/9-92«, 

500*03« 

499'54* 

476-83* 

499-65«^ 



491.13 



.i-^t 
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On determiningy by calculation, the quantity of water which may be heated one degree^ 
by the heat developed in the condensation of the vapour, he took care to keep an account 
of the difference of the capacity of water for heat from that of alcohol.^ 

The result of Count Rumford's calculation is nearly the same as by the formula, (art. 76, 
note,) when we assume the specific heat of the alcohol vapour and liquid to be the same, 
and equal to '&8. Thus from the second experiment 

;^ + (-58 X 666) = 606-3, 

from whence, deducting 173 x *58 for the heat due to the temperature of the vapour, we 
have 606^, nearly, for the heat of conversion from liquid to vapour. The Count's number 
is 600 03. 

h 

Count Rumford also ascertained that the vapour of sulphuric ether afforded only 
about half the heat in condensation that alcohol afforded ; or one-fourth of the heat fur- 
nished by condensing the steam of water. 

81. — Important as a knowledge of the heat of conversion into vapour is, it was not 
farther investigated till 1817, when Dr. Ure made a few experiments on different bodies.t 
His mode of experiment was exceedingly simple. The apparatus consisted of a glass retort 
of very small dimensions, with a short neck, inserted into a globular receiver, of very thin 
glass, about three inches in diameter. The glass was fixed steadily in the centre of 
32340 grains of water, at a known temperature, contained in a glass basin. Of the liquid* 
whose vapour was to be examined, 200 g^ins were introduced into the retort, and rapidly 
distilled into the globe by the heat of an Argand lamp. The temperature of the air was 
45^, that of the water in the basin from 42^ to 43°, and the rise of temperature occasioned 
by the condensation of the vapour, never exceeded that of the air by four degrees. As 
the communication of heat is very slow between bodies which differ little in tempera- 
ture, the air could exercise no perceptible influence on the water in the basin during the 
experhnent, which was always completed in five or six minutes. A thermometer of great 
delicacy was continually moved through the water, and its indications were read ofir,by the 
aid of a lens, to small fractions of a d^^ree. 

The distillation was rapidly performed, and, we are assured by Dr. Ure, that in the nu- 
merous repetitions of the same experiment the accordances were excellent. The following 
table gives the mean result, the last column being calculated by the formula, of (note to 
art. 76.) 



• Philosophical Mftg. Vol. XLIII. p. OT. 
t Phttofophieal TraoMctionf fbr 1816. 
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Liquid. 


Specific gra- 
vity. 


Temperature of the water in the basin. 


Boiling point. 


Heat of con- 

Terfion into 

vapour. 


At the begin- 
ning. 


At the end. 


Difference. 


WaUr 


1000 


42-5« 


49- 


6-5» 


212o 


942-» 


Alcohol 


0-825 


42- 


45- 


3- 


175» 


425*5o 


Salpbaric etber 


07 


42- 


44- 


2- 


U2o 


302-6* 


Oil of turpentine 


0-888 


42- 


43-5 


1-5 


316o 


146-0* 


Petroleum 


075 


42-5 


44- 


1-5 


306* 


150^* 


Nitric acid 


1-494 


42- 


45-5 


3-5 


165* 


517-0o 


Ammonia 


0-978 


42- 


47-5 


5-5 


140* 


840-0* 


Vinegar 


1-007 


42-5 


48-5 


6- 




8;o*o* 



The quantity of water of which the specific heat would be equiyalent to the heat 
absorbed by the vessels, Dr. Ure has not given, but in assuming it to be about 1600 grains 
we shall be not far distant from the truth. Hence we have 32340 + 1660 » 84000 for 
the water equivalent to the specific heat of the cooling apparatus ; and by the formula, 
(art. 75, note,) 

34000 X 6*5 



And 



200 
34000 X 3 
200 



+ 49 — 212 = 942» for water. 



+ -65 (175 — 45) = 425*5 for alcohol. 



,The others being calculated in the same manner aflford the results in the last coliunn, 
taking the specific heat from the usual tables. Through an oversight in cal<;ulation. Dr. 
Ure's numbers in the Phil. Trans, are erroneous. 

82. — ^A further correction might be applied for the quantity of steam remaining in the 
retort, and the loss of heat in the operation. Dr. Ure has, in a recent correction for loss of 
heat, made the heat of conversion of water into steam 1000 ; and under the impression 
that Count Rumford's are the most accurate experiments on the subject, I am inclined to 
think this ndmber about right. If for these sources of loss we make a further allowance 
in Dr. Ure's experiments of the specific heat of 2000 grains of water, we shall have 

36000 X 6-5 



200 



+ 49—212 = K07; 



and correcting the rest of the numbers in this manner the following are obtained.* 



* Ure*s Dictionary of Chemistry, art. Caloric. 
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Water into tteam 
Alcohol iuto vapour 
Sulphuric ether into vapour 
Oil of turpcDtioe into vapour 



Equal 
vreights. 



loor-o 

455-50 
322'6o 
161** 



' Equal 
▼olumes. 



1007o 
375o 
227o 
143« 



Petroleum iuto vapour 
Nitric acid into vapour 
Ammonia into vapour 
Vine^r into vapour 



Equal 
weights. 


Equal 
volumet. 


l65o 


124o 


552» 


830* 


895o 


875o 


930o 


936. 



Hairifigr followed through the best information hitherto laid before the public, on the 
heat required to produce steam, our next object must be to convert it into a form more 
directly useful for our purpose* For the quantity of beat which converts a liquid into 
vapour, requires the additional facts of the volume of the vapour, and its elastic force to 
render it valuable. 



Of the Elastic Perce of Steam. 

83. — To obtain a rule for determining the force of steam at any temperature, or. the 
temperature corresponding to any given force, we must have recourse to a rule found by 
trial from the best experiments ; it is not a satisfactory method, but we have no other 
means of arriving at a rule in a case where the real causes of variation are not understood. 
We still however may gain some assistance, from previous reasoning, in forming our oon* 
elusions. In the first place, the index of the power representing the law of variation, 
must be of such a simple kind as to render it probable that it is the true one. Hence the 
index 6*13 employed by Mr. Southern,^ is not likely to represent the law of nature ; .Mr. 
Creighton*s index 6 ;t or Dr. Young's which is 7,J are, either of them, more likely to be 
accurate. The true equation may be very complex, but this is not probable, and while 
we are ignorant of its nature^ and can represent the results sufficiently near fbr practical 
use, by one index,it is best to adopt the simplest form, and particularly when it is equally 
as likely to be the true one as one of a more complex kind. In any attempt to find the 
index by the usual method of differences, the errors of experiment will have too great an 
influence. 

84.-^econdly. It appears probable, that there is a degree of cold at which steam 



• Robison*s Mechanical Phil. Vol. II. p. 179. 
X Natural Phil. Vol. II. p. 400. 
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cannot exist,* and this must W the case when it is condensed by cold, till the cohesive 
attraction of the particles exceeds the repellant force of the caloric interposed between 
them, and the change from an elastic fluid to a solid may then take place without the 
intermediate stage of liquidity. This physical circumstance enables us to fix another 
element in the calculation; for there must be a temperature when the force is no- 
thing. 

85. — Thirdly. The greatest possible force of steam must next be considered, for 
we are certain that onr formula must be in error if it exceeds that limit. Suppose a given 
quantity of water, a cubic inch for example, to be confined in a close vessel which it ex« 
actly fills ; and that in this state it is exposed to a high temperature. Then, as the bulk 
when expanded is to the quantity the bulk is increased by expansion, without change of 
state, so is the modulus of elasticity of water of that temperature to the force of steam of 
the same density as water. If our rule therefore gives steam a greater ^rce than this at 
the same density and temperature, it must be erroneous. With these limitations we must 
in a considerable d^^ree.Jbe guarded ag^ainst error, and the method followed is next to 
be explained. 

86. — Let y* be the elastic force of steam, in inches of mercury, and / the correspond- 
ing temperature, and let a be the temperature below which the elastic force is 0. Con- 
sidery th^ abscissa, and f + a the ordinate of a curve, of which the equation is Ay = 
(f + a) " , whence the coefiicient 

A - t^ + ^>" 
f ' 

Let the abscissa increase toj^', and the ordinate to t' + a; then 

(< + a)o _ {f + g)" . log./' - log./ - 

/ - / '*•' log.(/' + «) - log. («+«)- "• 

Now if these points be near one extremity of the range of experiment, and two other 
points be taken near the other extremity, then 

log./'" - loff./" 



=: It, and consequently 



log.(r' + a) - log.(r + a) 

log-/'" - log-/" ^ log.(r- + g) - log.(r + a) 
log./' - Jog./ log.(<' + o) - log. (/ + a)' 

From four results of Mr. Southern's experiments, on steam from water, we find that a = 



* An interesting paper on this subject by Mr. Faraday renilert it equally so that the limit is different for differ- 
ent Yapottrs ; my formula had led me to the same eonduiion, hence, U has another property justified by experi- 
ence. See Phil. Mag. Vol. LXVIII .p. 84i. 

I 
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, we find M s 6 



•^ V 177 



100 Tery nearly satisfies the conditions ; and this value of a being i 
and A := 177, or its logarithm ^ 2*247968. 
Therefore, for water, 

1«>\« . ,««^T ,^ 

■j ; or < a: 177/ '^•— 100. 

In logarithms, 

log./ = 6 ( log. ( * + 100 ) — 2-247968). 

87« — If the expansion of confined water, when its temperature is raised to 1150 degrees of 
heat, be 0*9693 of its bulk, the force necessary to confine it to its bulk at 60>, when exposed 
to a heat of 1150^, the modulus of water being 22,100 atmospheres at 60^, would be about 
6925 atmospheres.^ Our rule gives for the force of steam at that temperature and density 



* The expanding power of heat, and the decrease of the modalos of elasticity, must be in the same ratio ; and 
most probably both Tary as the square of the central distances of the atoms, and cooseqvenUy as the { power of the 
Yolume. Hence, if « be the expansion, the original balk being unity, and at the modnlns, it most be 

m _ 

(I + O*'" 
the modulus at any expansion « f and consequently (by art. 85.) 

1 + . 



m e 



e 



. ■ 



( 1 + • )i • ( 1 + o* ~ 

the force of compression capable of retaining the fluid in its original state of density. 

The expansion Taries as the expanding power of heat, and as the temperature, hence. It will be as the | power 
of the temperature ; and it must be O.at 40o ; consequently, A ( « — 40 )f s= #, and as from 40« to S12o, it it foand to 
be OASSS, wc have { log. ( « — 40 ) — 6*060091 as e. The agreement of this formula with experiment is shewn in 
the following table. 



Temperature. 


Expansion by 
formula. 


Expansion by 
experiment. 


Tem^rature. 


Expansion by 
formula. 


Expansion by 
experiment. 


40* 

64« 

102'> 

212* 


0-00 
0-00159 
0-00791 
0*0433 


0-00 
0*00133 
00076 
0*04333 


400o 

800- 

1150» 

1171* 


0*1484 
0*5155 
0*9693 
1*0000 





In the equation for the (broe at 1150 degrees of temperature, we have 

m e 22100 x *96d3 



(1 +*K 



( 1-9093 )i 



a:6925 



atmospheres. 
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4137 atmospheres ; and in the uncertainty both as to what the actual expansion of water 
would be in such high temperatures, and the decrease of its modulus, it is more prudent 
to be within that beyond the limit. But at, or near the temperature 1160* the rule will 
cease to be of any use because then it is simply the expansive power of compressed 
water; and it varies as the quantity water expands by a given change of tempera- 
ture. 

Having thus far explained the methods by which the rules have been obtained, 
it only remains to give them the most simple form for use, with illustrative exam- 
ples. 

88. — Rule i. To find the force of steam from water in inches of mercury the tempe- 
rature being given. 

Add 100 to the temperature, and divide the sum by 177; the sixth power of the quo- 
tient is the force in inches required. 

Example. To find the force of steam for the temperature 312. <" 

511+-l^ = 2-3277. 
177 

Raise this to the sixth power and it gives 159 inches for the force of the steam in inches 
of mercury. 

Or by logarithms. Add 100 to the temperature, ^nd from the logarithm of this sum, 
subtract 2*247968 ; and six times the difference is the logarithm of the force in inches 
of mercury. 

Example. To find the force of steam for the temperature 250**. 

Log. 250 + 100 = 360 is 2*544068 
Subtract constant log. 2*247968 

0-296100 
6 



Log. of force in inches of mercury = log. 59-79 = 1*776600 

^9. — RULB II. The force of the steam of water being given to determine its tem- 
perature. 

Multiply the sixth root of the force in inches by 177, and subtract 100 from the pro- 
duct, which gives the temperature required. 

Example. Let the force of steam be eight atmospheres, equal 240 inches of mercury, 
to find its temperature. 
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The sixth root of 240 may be easily found by a table of squares and cubes, by first 
finding its square root, and then the cube root of the square root« Thus the square root 
of 24M) is 16-492, and the cube root of 15*492 is 2*493; hence, (2*493 x 177) - 100 = 
341*20. Mr. Southern's experiment gives 343*6. 

Or by logarithms. Add one sixth of the logarithm of the force in inches to 2* 247968, 
the sum is the logarithm of 100 added to the temperature. 

Example. Let the force of steam be equal to sixty inches of mercury, which is nearly 
fifteen pounds on the square inch above the pressure of the atmosphere, to find its tem- 
perature. 



Log. 60 is • - 

and one sixth is 
constant log. - 

Log. 360*2 ^ 



. 1*778161 

. -296358 

- 2*247968 

- 2-644326 



1 1 1 



- II' 

t 






from which subtract 100, and it gives 260*2* for the temperature. Mr. Southern's expe* 
riment gives 260*3*. 

90. — When sea water is employed, as it boils at a difierept temperature, the force of 
the steam is different. The correction in the rules is easily made by finding the constant 
number which corresponds to a force of thirty inches of mercury, at the boiling point, 
with different d^;rees of saturation with salt. Many of the people employed about boat 
engines, are not yet aware that there is a difference between the temperature of steam 
from common water, and that from salt water, when the force is the same. I will shew 
in another place (Sect. IV.) the effect this has on the power of the steam engine, but at 
present our object is to determine the force of the steam. Mr. James Watt was the only 
person who had made experiments on the steam of salt water; they were made in 1774.* 
He does not give them as being very accurate ones, but they are sufficient to establish the 
fact that there is a difference; and Mr. Faraday has lately had occasion to satisfy himself, 
on the same point, by various experiments.t 

91. — The following table g^ves the boiling points of solutions of different salt* in 
water. 



'i 



* Robi8on*8 Mechanical Phil. Vol. IL p. U, 

t Quarterly Journal of Science, Vol. XIV. p. 440. 
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Name of salt. 


Dry salt in 100 
parts by weight 
of the solution. 


Boiling point. 


Authority. 


Acetate of soda 
. Nitrate of soda 
Common salt 
Muriate of soda 
Ditto 

Sulphate of mag^nesia 
Sulphate of lime 
Alum 

Sulphate of iron 
Sulphate of ioda 
Ditto 

t 


60 
60 
37 
30 

57*5 

46 

52 

64 

31-5 


256* 

246 

226 

224 

222*35 

222 

220 

220 

216 

213 

217-6 


Grifiths.* 


My trials. 
GriiRths. 
Achard.t 
GriAtbi. 




, 


• 


Achard. ^ 



92. — ^According to the analysis of Dr. John Murray 10,000 parts sea water of the 
specific gravity 1*029^ contain 

Muriate of Soda 
Snlphale of Soda 
Muriate of Magnesia 
Muriate of Lime 



oaoroi 


:s 


1 • 


3»16 


=s 


t^ 


:42K)8 


s 


1 


7-84 


= 


TTTT 



Tt 



908O9 » 
Or 1 part of sea water contains O30909 parts of salts = Vr of its weight. 

93.— Now as the salts do not rise with the steam, the water in a boiler supplied with 
sea water becomes gradually more saturated, and after a certain time begins to deposit 
salt, if the means that have been invented for that purpose be not employed to prevent it. 
(See Sect. III.) And even then a certain d^^ree of a saturation must be allowed to take 
place. The following table, with the constant numbers for different degrees of saturation 
will serve to illustrate this matter. The boiling point of water appears to be increased one 
degree by each addition of 2*6 parts to the proportion of common salt in 100 parts of 
water; at least so nearly that this regular law does not materially differ from the mean re- 
sults of my experhnents, which were made with a considerable degree of care. But it is 
difficult to make them on account of the d^fvee.of saturation constantly varying during 
the experiment* 



• Qaarterly Journal of Science, Vol. XVIII. p. 90. 
t Thomson's Chemistry, Vol. II. p. 14. 
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Proportion of salt in 


100 parts by weight. 


Boiling point. 


Constant number. 


Constant log. 


Satarated 1 
•olution /'*''•", 
33-34 




226o 
224-9 


185- 
184 3 


2*267031 
2*265563 


30*3 


S=3 **» 


223-7 


183*6 


2-263956 


27*28 


A 


222*5 


183- 


2*262343 


24*25 


A 


221-4 


182-3 


2260859 


21-22 


4r 


220-2 


181-6 


2*259234 


1818 


4r 


219* 


181* 


2*257604 


1515 


= A 


217-9 


180-4 


2-256104 


12 12 


A 


216*7 


179-7 


2-254461 


9-09 


^ 


2155 


179* 


2-252812 


6-06 


A 


214-4 


178-3 


2*251296 


Sea water 3-03 


^ 


2132 


177*6 


2-249496 


Common water 





212 


177- 


2*247968 



94.*-The next point is to compare the fonnula with experiment, and we will ami- 
mence with Mr. Watt's experiments on salt water. The water was nearly saturated with 
salt. It was more free from air than common water, but it parted with difficulty from 
that it contained. The results compared with the formula for saturated salt are shewn in 
the following table. 

Waifs Experiments on the Steam from salt Water. 



1 

1 

J 

1 


Forces in inches of mercury. 


Temperature. 


Forces in inches of mercury. 


1 Temperature. 

1 


Watt*s obserra- 
tions. 


Formula for sa- 
turated solution. 


Watt*s obeenra- 
tions. 


Formula for sa- 
turated solution. 


', 4do 
85 
113 
139 
160 
169 
180 
187 


001 
0*58 
1-72 
3-54 
6-27 
8-12 
10-85 
12-67 


0*24 
1*00 
2-33 
4*66 
7-72 
9-47 
12-04 
13-01 


195-5 

201*5 

207 

210 

212 

216 

218 

220 


15-34 

17*16 

19-34 

21-8 

22*74 

24-6 

25-52 

26*5 


16-64 
18*/7 
20-92 
22*18 
23-05 
24-87 
25-84 
26*84 
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Id these as in all the early expmments on the force of steam, the force is less than it 
ought to 'be at low temperatures. 

Mr. Watt's experiments on pure water afford a like discrepancy, as will be found by 
comparing the following table of results taken at random out of his series.* 

Watt*8 Experiments on pure Water. 



Temperature. 


Force in inches of mercury. 


Watt's ottierra- 
tions. 


Formola for pare 
water. 


55* 
118 
180 
225 
240 
261 
272-5 


0-15 
2-68 

14-73 

37 

49 

68 

82 


0*45 
3-59 
15-67 
38-32 
50-24 
72-0 
86-89 



The explanation offered by Mr. Watt himself is not sufficient to account for the differ- 
ence except in the lower temperatures. 

He supposes the stationary barometer must have had its scale placed '2 of an inch too 
low ; and if so, the same addition would be required to the forces in the preceding table 
on salt water. These tables, howerer, are not selected for minute accuracy, but to shew the 
important fact that the force of the steam of water depends on the temperature of the liquid 
which produces it, or which is in contact with it For this they are sufficiently correct, and 
it is a circumstance which affects its elastic force both in the boiler and in the condenser ; 
and is peculiarly interesting to those concerned in steam vessel engines. The tem* 
peratures not being the same the comparison is not so easy, but at 180^ the force of salt 
water is 10*85 ; that of pure water 14*73 inches : at 212* salt water has a force of 22*74 ; pure 
wdler 29*56. 

95.— -The experiments made by Professor Robison were tried in a similar manner ; and 



• RobitoD*! Mechui. PhU. VoL 11. p. 89-84. 
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as a method tbe mum in effisct was used by Bettancoort, wlioae retulta ^^ee extromely 
veil with Rob)S(Hi*B, the deacription of it may be oseAil. 

Profeswv Bobison's apparatus for detennining^ the 
force of steam. — This apparatus, in the first trial*, con- 
sisted of a small digester of copper, A B C D, in tbe 
figure ; tbe top of which bad a thermometer inserted 
through the centre, and a loaded ralre at V ; with a 
third bole for inserting a barometer tube S G F, to as- 
certain tbe force at lower temperatures than 212". The 
force at tbe higher temperatures was measured by the 
steelyard on the valre, and a plug was inserted in the 
place of tbe tube S G F, but tbe results with the ralra 
were irr^;ular and not satisfactory. Hence, the glaas 
tube M N K, baring a cistern L fur mercnry, was 
adapted to the hole in the digester, and instead of 
measuring the force by the n^re, it was measured by 
the ascent of the mercury in the tube M N. The di- 
gester was heated by a lamp. 

To determine the pressure at temperatures below 
2I3'>, the tube S G F was inserted as in the figure> 
and a basin of mercury provided at F. The lamp be- 
ing applied, the water in the digester produced steam 
till it issued at both the valve and the pipe F, so as to 

expel the air ; the lamp being removed, and both the valve and tube being closed, tbe 
latter by immersing it in tbe mercury, the mercnry rose in tbe tube F G as the apparatus 
cooled, and the heights corresponding to different temperatures were noted ; like obsenra^ 
tions were made as it reheated. 

To determine the pressure at higher temperatures with the apparatus, the end K oiTtfae 
tube M N K was inserted at E, and as the temperature increase^, (he pressure of tbe steam in 
the cistern L caused the mercury to ascend, and consequently afforded a means of measor- 
ing tbe force of the steam. 

Tbe objection to this mode of trial is that the temperature of the mercury must be cmtw 
nnaliy changing during the trial, and steam must either be condensing or generating un it* 
surface during the time of observation. At each Observation the temperature of the whole 
of the apparatus ought to be tbe same, and then the column exhibiting the pressure on^t 
to be reduced to its equivalent at the mean temperatnTe. The only observation where these 
circumstances would have place was that which appears to have been made when the ther- 
mometer was at 42° ; then the column in the sypbon was 29*7, and the barometer stood at 
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39-84 : tbe difference is the force of steam at 42*, and is 0*14 inches. By cooling down 
to S3f^ the force was not perceptibly different, and we know from later trials that this is 
nearly correct. Professor Robison, howeyer, seems to have thought it was necessary to 
have the force at 32^.* 



Robiion*s ExperimenU on the Force of Steam. 





Force of steam in inches of mercury. 




Force of steam in inches of mercury. 


Temperature of 
the steam. 


By Dr. Robison's 
experiments. 


By the formula. 


Temperature of 
the steam. 


By Dr. Robison*8 
experiments. 


By the formula. 


32o 


(H» 


0-173 


160» 


8*65 


1005 


40 


0-1 


0-245 


170 


11-05 


12-6 


50 


0-2 


0-37 


180 


14 05 


15-67 


60 


0*35 


0-55 


190 


17-85 


19*35 


70 


0-55 


78 


200 


22-62 


23-71 


80 


0-82 


M06 


210 


28-68 


28*86 


90 


M8 


1-53 


220 


35-8 


34-92 


100 


1*6 


2*08 


230 


44-5 


420 


110 


2-25 


2-79 


240 


54*9 


50-24 


120 


30 


3-68 


250 


66-8 


59-79 


130 


3-95 


4*81 


260 


80-3 


70-8 


140 


5*15 


6-21 


270 . 


94-1 


83-45 


150 


6-72 


7*94 

1 


280 


105-9 


97-92 



If the elastic force *14 from which Robison began to register had been added to all the 
experiments below 212* , as it ought to have been, they would have agreed extremely near 
with the results of later experiments. The experiments made by Achard seldom vary 
more than a degree or two from those in the above table. 

96. — Mr. Dalton*s inquiries were conducted by a different method. He took a ba- 
rometer tube, made perfectly dry, and filled it with mercury just boiled, marking tbe 
place where it was stationary ; then graduated the tube into inches and tenths by means 



* Mechan. PhU. Vol. IL p. 86. 
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of a file ; into this tube he poared a little water (or any other liquid the subject ot 
ment^) so as to moisten the whole inside ; after this he igain poured in mercury, carefully 
inverting the tube, to exclude all air. The barometer, by standing, sometimes exhibited a 
portion of water, &c. of one eighth or one tenth of an inch, upon the top of the mercurial 
column, because being lighter it ascends by the side of the tube ; which may now be in* 
clined and the mercury will rise to the top, manifesting a perfect vacuum from air. He 
then took a cylindrical glass tube open at both ends, of two inches diameter, and fourteen 
inches in length ; to each end of which a cork was adapted, perforated in the middle so as 
to admit the barometer tube, to be pushed through and to be held fast by them ; the up- 
per cork was fixed two or three inches below the top of the tube, and half cut away 
so as to admit wafer, &c. to pass by ; its service being merely to keep the tube steady. 
Things being thus circumstanced, water of any temperature may be poured into the wide 
tube, and made to surround the upper part of the vacuum of the barometer, and the efiect 
of temperature in the production of vapour within can be observed from the depression of 
the mercurial column. In this way, he says, he had water as high as 1&5' surroimding 
the vacuum, but as the high temperature might endanger a glass apparatus, instead of it 
he used the following one for higher temperatures. 

Having procured a tin tube of four inches in diameter, and two feet long, with a circu<« 
lar plate of the same soldered to one end, having a round tube in the centre, like the 
tube of a reflecting telescope ; he got another smaller tube of the same length soldered into 
the larger, so as to be in the axis or centre of it ; the small tube was open at both ends ; 
and on this construction water could be poured into tlie larger vessel to fill it, whilst the 
central tube was exposed to its temperature. Into this central tube he could insert the 
upper half of a syphon barometer, and fix it by a cork, the top of the narrow tube also 
being corked ; thus the effect of any temperature under 212^ could be ascertained, the 
depression of the mercurial column being known by the ascent in the exterior leg of the 
syphon. Mr. Dalton also remarks, that the force of vapour from water between 80* and 212* 
may be determined by means of an air pump ; and the results exactly agree with those 
determined as above. Take a florence flask half filled with hot water, into which insert 
tiie bulb of a thermometer ; then cover the whole with a receiver on one of the pnmp 
plates, and place a barometer gauge on the other : the air being slowly exhausted, mark 
both the thermometer and ba^meter at the moment ebullition commences, and the height 
of the barometer gauge will denote the force of vapour from water of the observed tempera* 
ture. This method may also be used for other liquids. It may be proper to observe, that 
the various thermometers used in these experiments were duly adjusted to a j^ood 
standard one. 

After repeated experiments by all these methods, and a carefiil comparison of the re- 
sults, he was enabled to digest a table of the force of steam from water of all the tern* 
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peratures from 32* to 212.** The only experimental results were the following ones, 
which are compared with our formula. 



DaltoiCM ExperimenU on the Force of Steam. *' 



1 

Temperature of 
steam. 


Force in inches of mercury. 


Temperature of 
steam. 


Force in inches of mercury. 


Dalton*s obserra- 
tions. 


By the formula. 


Dalton*i observa- ^ ^ . 

tions. • By ^D® formula. 

1 

1 


32* 

4H 

54f 

65| 

77 

88i 

9H 

1101 
122 


0-2 

0*297 

0*435 

0*63 

0*91 

1*29 

1*82 

2^54 

3*5 


0*172 

0*281 

0*442 

0*675 

I-OO 

1*447 

2*05 

2*85 

3*89 


133i 

141* 

1554 

167 

178| 

189i 

200^ 

212 


4*76 ' 

6*45 

8*55 
11*25 
14*6 
18-8 
24*0 
30*0 


5-24 
6*95 
9*10 
11-7 
15 1 
19*15 
24*07 
300 



From these results he determined the ratio belonging to each interval, and filled in the 
intermediate dq^ees by interpolation, considering the forces to increase in a geometrical 
progression. Above 212^ he made no trials at that period, though the table was extended to 
825*, and has since been found to be erroneous for the temperatures above 212*. 

97, — Mr. Dalton afterwards re-examined the subject, and considers from various 
trials, that the for<^ of steam at 32* cannot be less than 0^ of an inch ; and is most pro- 
bably 0*25. But with the advantage of having seen the results of Dr. Ure's, and Mr. 
Southern's experiments, and having made new experiments himself for the temperatures 
between 2I2>> and UOO*', he gives the following table formed from what he considers the 
most correct experiments on the subject«t 



* Nich. Phil. Journal, Vol. VI. p. S03, 8to. 

t Annals of Philosophy , Vol. XV. p. 180. for 1890. 



THE NATURE AND 



[BBCT. U. 



Temperfllure of 
stetun. 




Tempemtore of 


FoTM of tteun !■ tndiM of Mrcnry. 


Dtllou'B numberi. 


By tht fonnuU. 




By itM formuU. 


3fi« 
64 
96 
132 


029 
0-75 
1-95 
S-07 


0-201 
0-633 
I'M 

.5-or 


173- 
220 
272 
340 


1318 
34-20 
88-9 
231-0 


1346 
3492 
86-2 
236- 



It will appear from this that there is a greater difference between the results of different 
trials than between the numbers found by our rule and those results, and hence it may be 
presumed to be nearly true. 

9& — ^For the further satisfaction of the reader the principal results of Dr. Ure's ex- 
periments shall be given, and his simple and elf^;ant mode of mating the experiments de- 
scribed, as in the event of any other species of fluid being found better adapted than 
water for furnishing vapour the same mode might be usefully adopted to try its force.* 



Fig. II. 



Fig. 18. 



Fig. 13. 



W^ 




• Phil. TrtM for ISIS. 
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The preceding figare (Fig. Hi) BepreienU the: comtmiOtioK /teqpbyecl for tottptratiireft 
under and a little above the boiling point. Fig. 12 and 19 were mod for bJgber.tenA-* 
peratures; the last is the more convenient of the two. It was suspended iroift a lofty 
window ceiling, and placed with the tube L D in a truly .vertical position by means of a 
plumbline. One simple principle pervades the whole train of experiments, which is, that 
the progressive increase of elastic force developed by heat from the liquid, incumbent on 
the mercury at /, is measured by the length of column which must be added over L, 
in order to restore the quicksilver to its primitive level at /• These two stations, or 
points of departure, are nicely defined by a ring of fine platina wire twisted firmly round 
the tube. 

At the commencement of the experiment, after the liquid, well freed from air, has been 
let up, the quicksilver is made to coincide with the edge of the ring /, by cautiously 
pouring m^cury in a slender strewn into the open leg-of the syphun D. The level ring 
at L is then carefully adjusted. 

From the mode of 4»nducting the experiments, there remained ah^^s a quantity ^ liquid 
in contact with the vapour, a circumstance essential to accuracy in ihis research.'^ Sup- 
pose the temperature of the water, or ihe oil in A (F|g. II.) to be .32^^ as denoted by a de- 
licate thermometer, or by the liquefaction of ice ; and let L D be a column equid to the 
atmospheric pressure; communicate heat to the cylinder A, by meanK of two Argand flames, 
playing gently against its shoulder at each side. 

When the thermometer indicates 42^, modify the flames, or remove them, so as to main- 
tain an uniform temperature for a few minutes. Then the elasticity will be faithfully 
represented and measured, by the mercurial column which we most add over D, in order 
to return the quicksilver to the line / its zero or initial level. 

At E a piece of cork is fixed, between the parallel legs of the syphon, to sustain it, 
and to serve as a point by which the whole is steadily suspended. 

For temperatures above the boiling point, the part of the sypbon under E is evidently 
superfluous, merely containing in its two legs a useless weight of equipoised mercury 
Accordingly for high heats, either the apparatus (Fig. 12) or (13,) is employed, and the same 
method of procedure is adopted. The aperture at 0, (Fig. 13,) admits the bulb of the ther- 
mometer, which rests against the tube. The recurved part of the tube is filled with mercury, 
and then a little liquid is passed through it to the sealed end. Heat is applied by an Argand 
flame to the bottom of c^ which is filled with oil or water, and the temperature is kept 
steadily at 212* for some minutea. Then a few drops of quicksilver may require to be 
added at D, till L and /be in the same horizontal plane. The further ^condact of the ex- 
periment differs in no respect from what has been already described. The Jiquid in e is 
progressively heated, and at each stage mercury is progressively added over L to restore 
the initial level, or volume at l, by equipoising die progressive dastioity. The column 
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abore L iMing the moomioii of elastic force. When this column is widied to extend 
Tsry high, the Tertieal tube requires to be placed for support in the groove of a long 
wooden prism. 



I/re*« Experiments on ike Force of Steam. 





Force in loches of mercury. 


' 


Force in Indies of mercnry. 

• 


Teaperatare of 

StMUB. 


Ure*t obterTm- 
Uoni. 


Formula. 


Temperature of 
steam. 


Ure*8 obeerra- 
tiont. 


Formula. 


S4* 


0*170 


0-118 


190* 


19-000 


19-35 


88 


0-SOO 


0-178 


800 


83-600 


8371 


4S 


0-850 


0-845 


810 


88-880 


88-86 


5S 


0-SOO 


0-37 


818 


30KNNI 


30-00 


U 


0^16 


0-45 


880 


35-540 


34*98 


€S 


0-516 


0-55 


885 


39110 


3838 


n 


0-786 


0-78 


830 


43100 


48-00 


80 


1*010 


M06 


840 


51-700 


50-84 


9S 


1-S60 


1-53 


850 


61-900 


5979 


ISO 


1-060 


8H»8 


260 


72-300 


70-8 


no 


8*456* 


8-79 


870 


86-300 


8845 


lao 


3-300 


3-68 


880 


101-900 


97-98 


130 


4-366 


4*01 


890 


180-150 


114*4 


140 


5-770 


681 


895 


129 000 


183-5 


150 


7-53 


7-94 


300 


139700 


133-8 


100 


9-6H 


ir05 


310 


161.300 


154-5 


170 


18450 


19-6 


318 


167-000 


159- 


ISO 

1 


15-160 


15-67 


318 


165-5 





* If a nice iq^reement with a particular set of obsenrataoos had been attempted, the for* 
mula could have easily been arranged to re pre s en t these better, but by so doing it appears 
to me that the daitic forces would hare increased in a higher n^ than we are warranted 
m expecth^ from other experiments, and the later inquiries of Mr. Dalton justify the 
nuBiAers bemg h%her at or abool ISO* than Dr. Urs's. 

9ft»— Mr. Sos ith er n *s experissents on high pr sm urt steam were made widi a digester, 
with a thsrrooQielsr iUed 10 a awtaUic tnbo, so thai the olem of the thermomeOer might be 
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as iar as it oonfained merciiry. Abo, instead of* measmring tlie force of the 
steam by a loaded valre, a nicely bored cylinder was need, with a piston fitting it so as 
to have rery little friction, to the rod of which a lever was applied, constructed to work 
on edg;es like those of a scale beam ; and that no error might arise from this construction 
a column of mercury was substituted and the correspondence was Mrithin tvv of an 
inch. 

The observations at each of the points of temperature and pressure, were continued 
some minutes, the temperature being alternately raised, and lowered, so as to make the 
pressure in excess and defect, and a mean temperature was taken for the result. This 
method seems to me entitled to g^reat confidence, and hence I have made the results the 
principal data for my formula. (See art 86L) 

The experiments below 212* were conducted nearly as Dr. Robison*s, and those below 
62* were made by Mr, W. Creighton. These low pressure experiments do not seem to 
be of equal value with the four high pressure ones. 



* 

Southern's ExperimeniB on the Force of Steam.* 





Force in inches of mercury. 




Force in inches of mercury. 


• 

Temperature of' 
the steam. 


Obserred force. 


Formula. 


Temperature of 
the steam. 


Obssrved force. 


Formula. 


82o 


0*16 


0-172 


132o 


4-71 


5-07 


42 


023 


0266 


142 


6*10 


6-53 


^2 


0-3S 


0401 


152 


790 


8-33 


02 


0-52 


0-587 


162 


10-05 


1052 


72 


0*73 


0-842 


172 


1272 


13-17 


82 


1-02 


1182 


182 


16-01 


16-35 


92 


W2 


1-629 


212 


30-00 


30-00 


102 


1*96 


2*21 


250-3 


60 00 


60-00 


112 


2-66 


2-95 


293-4 


120H)0 


120-50 


122 


3-58 


3*89 


343-6 


240-00 


84780 



100. — A scale of the elastic force of steam at high temperatures was published in 



* Robison's Mechanical Philos. Vol. II. p. 178.. 
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1822, by Mr. Philip Taylor,* which was formed by laaaiui of an apparatus not de«cribed, 
but it appears to « correspond with the best exp^iinetiis, and is likely to be near the effect 
in practice where we may expect some loss of elastic forces ccmpared with the tempera* 
tiupe. 



Taylor^ s Scale of the Force qf Steam* 





1 
Force in inches of mercury. 


Temperatare of 
the steam. 


Taylor's obser- 
Tations. 


Formula. 


212o 


ft 

30-00 « 


30*00 


230 


34'>95 


34*92 


230 


4151 


42*00 


240 


50*00 


50*24 


250 


5912 


59*79 


260 


70-10 


70-8 


270 


82*50 


83*45 


280 


9775 


97*92 


290 


114*50 


1U*4 


300 


133*75 


133*2 


320 


179*40 


178*5 



101. — ^The experiments of Schmidt present a surprising accordance with the rule at 
the temperatures from 60* to 290* ; at these points they slowly separate, the rule being 
in defeM in the highest temperature 290"" by eleven inches, and in excess at 43*i* by 

0-163.t 

102.— The force of steam at high temperatures is still wanting to complete the experi- 
mental part of the inquiry. A few experiments have been made which appear to be en- 
titled to some confidence by Professor Arsbeiger, of Vienna.^ 



* Philosophical Mag. Vol. IX. p.4flS. 

t Dr. Young's Nat. Phil. Vol. II. 

X Bulletin des Sciences Tech. Vol. U p. SOi. 
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• 


Force in inches of mercury. 


Temperature of 
the steain. 


By experiment. 


By our rule. 


232- 


44-4 


'43'56 


249 


59 1 


58-7 


274 


88-8 


89<0 


322 


1760 


183*6 


372 


3250 


362- 


432 

* 


6200 


737- 



Here the rule is in excess at 432*", by more than one sixth, but in an experiment re- 
ported by M. Clement, to M. Poisson,* the force of steam at 419<> is said to be 35 at- 
mospheres, or 1060 inches of mercory, while our rule gives only 635 inches. I donbt the 
accuracy of the statement. 

103. — M. Cagniard de la Tour,t made some essays to ascertain the space and tem- 
perature in which a given quantity of water became wholly steam, bat from the firequent 
rupture of the glass tubes, and their loss of transparency, it was difficult to obtain a re- 
sult. He states, however, that at a temperature but little removed from the melting point 
of zinc, water could be converted into vapour in a space nearly four times its volume. 
If this could have been really ascertained with accuracy it would have given an important 
datum, but on the above rude approximation no reliance can be placed. J 



"^ Philosophical Magazine, Vol. LXI. p. 60. 

t Philosophical Magazine, Vol. LXI. p. 58. 

$ In a pftper on the elastic force of steam which has just been published by Mr. Ivory, in the Philosophical 
Magazine, a completely different process is followed for calculating the force of steam from that I hare giren ; 
it does not howerer affbrd results more near to the experiments it is founded on, than those by my formula, while 
it is somewhat more difficult to apply, and becomes erroneous in high temperatures. 

Counting i the temperature from 212», and /the elastic force, his formula is 



lof?. 



3J 



= •008746»J / — 000015178 ^«+ 000000024825 <'. 



It is derived from a comparison of Dr. Ure's experiments ; and the following table shews the results by experi- 
ment, by Mr. Ivory's formula, by various experiments, and by my fonnula. 

L 
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In the absence therefore of proper experiments to ascertain the force of steam, it is dif- 
ficult to determine a rule that can be depended upon for high temperatures, and we must 



Temperature of 
the steam. 


Elastic force of steam in inches of mercury. 


Dr. Ure*s expe- 
riments. 


Mr. iTory's for- 
mula. 


Various experiments. 


My formula. 


32* 

50« 

70* 

90* 

110* • 
130* 
150* 
170* 

190 • 
210* 
230* 
250* 
• 270* 
290* 
310* 
337o 
343-6. 
4X9* 
432* 


0-2 
0-36 
0-726 
1-360 
2-456 
4-336 
7-530 
12-05 
19-00 
28-88 
43-10 
6190 
86-30 
120-15 
161-30 


0-185 
036 
0-721 
1-378 
2-634 
4-408 
7-424 
12-05 
18-93 
28-81 
42-63 
61-50 

86 70 
119 9 
162-8 
240 
264 
714 
1852 


• 0*16 Creigbton 

• 

41-51 Taylor 
60-0 SoQtbem 
82-S Taylor 
114-5 Taylor 

234 CbrUtian* 
240 Southern 
1050 Clement 
620 Artbcrger 


0-172 
0-37 
078 
1-53 
2-79 
4-81 
7-94 
12-60 
19-35 
28-86 
4200 
59-79 
83-45 
114-40 
154-5 
226-5 
247-8 
635HI 
737<) 



At a temperature of about 770*, Mr. Ivory's formula gWes an elastic force equal to the modulus of elasticity «f 
water, tbe steam would if this were correct be more dense than inUer ; while La Tour found it required a qiaee 
four timlN its Tolame to become steam at about the same heat. Arsberger*s experiments had not been seen by Mr. 
iTory or he would have had a reason for doubting tbe accuracy of M. Clement's obserTation, but as It is quite 
unsupported by either a deserlption of tbe process, or any other observations at other temperatures. Its devlatSon 
in excess both firom for mule founded on a considerable range of experiments, and also from other results. Is to 
be regarded as a motive for do«l»t rather than for altering our formule. Mr. Ivory most justty remarks, that this 
Aimlsbes ^* another Instance of the great dlficulty of detecting general properties or laws by means of a compari- 
son of particular resulu,**, and it Is a diflcuUy which ought to direct mathematicians possessed of such great powers 
as Mr. Ivory certainly Is, to endeaTour to develope the first principles, rather than grope out analogies from ex- 
periments alone. 

• BlecanlqM ladustrteUe Vol. II. p. SSS. 
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now try to discover if the force of other vapours will afford any further insight into the 
subject. 



Of the elastic Force of the Vapour of Alcohol. 

104. — The elastic force of the vapour of alcohol, or spirit of wine, has been tried by 
several philosophers. The greater part of the experiments were made in the lower ranges 
of temperature, and in the same manner as those on the force of the steam of water ; but in 
describing them it will be some advantage to b^n with the experiments of Cagniard de 
la Tour on the space alcohol occupies when converted wholly into vapour. To ascertain 
this point, alcohol of the specific gravity *837, was introduced into small tubes of glkss, 
and hermetically sealed, with a handle of glass attached to each tube A tube was two* 
fifths filled with alcohol, and then slowly, and carefully heated ; as the fluid dilated 
its mobility increased, and, when its volume was nearly doubled, it completely disap- 
peared, and became a vapour so transparent, that the tube appeared quite empty. On 
leaving it to cool for a moment, a very thick cloud formed in its interior, and the liquor 
returned to its first state. A second tube, nearly half occupied by the same fluid, gave 
a similar result ; but a third, containing rather more than half, burst. 

A process was next adopted to ascertain the pressure. It consisted in bending a tube 
into a syphon, one leg to hold the liquid to be tried, and the other I^ containing air kept 
at a constant temperature of TS'' by a cooling apparatus, and separated from the fluid 
by mercury ; both legs being sealed, the end containing the liquid was heated, and when 
the liquid became vapour the diminution in the bulk of the air was marked. 

Alcohol of the specific gravity *837 was reduced into vapour at a temperature of id?"" 
iA a space a little less than three times its original bulk ; and 476 parts of ain were re- 
duced to 4 ; indicating a pressure, according to M. Cagniard de la Tour, of 119 atmos- 
pheres, or 3570 iuches of mercury.* 

105.— The experiments on alcohol vapour at lower temperatures are collected in the 
following table. 



( t + lOO ^g 
•^ " V 154-8 ) ' 



* By the same process as was adopted in finding the constants for calculating the force of the steam of water 

(art. 86.) the formala for the Tapoar of alcohol of sufficient purity to boil at 178* is 

t + lOO x^ 

164-8 
or, io logarithms, 

]og./= 6 (log. ( i + 100) — 2-189976); ' . 

where t is the temperature of the Tapour, and/ its force in inches of mercury. By this rule the force in inchds for 
a temperamre of 497* is 8980 inehes ; the experiment of M. Cagniard de la Tour glTcs 807O inches. 
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ExperimentB on the Force of the Vapour of Alcohol. 





• 




Force in inches of mercury. 


• 


Temperature 


Ure*« experi- 


Watt's eiperi- 


Robison*s ex- 


Dalton's expe- 


Bettancourt*s 


1 


of vapour. 


ments. 


mcnts. 


periments. 


riments. 


experiments. 


Formula. 


32« 


0-40 




• 




0*0 


0*383 


40 


0*^ 


0*929 


o-i 






0546 


50 


0-86 










0-826 ^ 

■ 


54*5 










•48 


0-986 


60 


1*23 




6-8 


1*4 




1-215 


. 64 








1*51 


• 


1-41 


70 


1*76 










1*75 


77 










1-62 


2*228 


80 


2*45 




^•8 






2*465 


90 


3^0 










3*41 


96 








4 07 




4-11 


9^^ 










3*63 


4-57 


100 


4*50 




3-9 






4*64 


no 


6-00 


5*63 








6-22 


110 


8*10 


7-12 


6-9 






8*22 


123 










736 


8-67 


130 


10*60 










10-73 


132 




10-34 




11*0 




11-3 


140 


13*90 




12*2 * 




• 


13*85 


144-5 










13-7 


15*48 


150 


18*00 










17-7 


160 


22-60 


20*71 


21-3 






22-4 


167 




24*47 






25*4 


26*25 


170 


28*30 










28-1 


173 


30*00 






29-70 




30-00 


180 


34*73 




34* 






34-92 


189-5 










420 


42-66 


190 


43*20 










4^11 
52-83 


200 


53-00 




5^4 




210 


65-00 




1 


64-3 


212 








68- 


66-84 


220 


78-50 




78-5 80-20 




77-81 


230 


94*10 




1 


93-6 


234*5 






105- 


101-5 


240 


111*24 




***• , 


112^ 


250 


132*30 




4 


133*2 


260 


155-20 




• 

! 1 


157-7 


»i 

1 


166*10 




1 

1 

1 
1 


1 




168-6 
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The specific gravity of the alcohol used by Dr. Ure, was '813, and its boiling point 
173'.* The properties of the alcohol employed by Mr. Watt are not given,t his experi- 
ments are very irr^^lar. Dr. Robison's boiled at 173° ;J and above 100** agree well 
with later observations. Mr. Dalton's appears to have boiled at 175<> ;g fiettancourt's 
boiling point is not stated, but appears to have been 173^ ;|| and his results like Dr. Robi^ ^ 
son's are too small at low temperatures,. 

Dr. Ure's experiments are confirmed by those of Mr. Dalton, and may be rejied on a$ 
approaching very near the truth. The formula, it will be observed, represents them witli 
considerable accuracy. 



Of the elastic Force of the Vapour qfsnlphttric Ether. 

V^. — M. Cagniard de la Tour made several experiments on ether in the same man« 
ner as those on alcohol, (art. 104.) Xhe ether was converted into vapour in. a space less 
than twice its orig^inal volume by a temperature of 392°. This experiment was thrice rew 
peated, with the same result, a$d 528 parts of air were compressed ta fourteen, giving an 
elastic force of 37'5 atmjospheres.^ 

107. — ^Other trials were made the i;eMnlts of which are shewn in the fi>llowing table. 



• Phil. Trans. 1818. fRol^i^on^s Mecb. Phil. Vol. II. p. 3S. 

X Robison*8 Mech. Phil. Vol. II. p. S5t § Amial? of Philo. lasO, VoK XV. p. ISO. 

H Prony's Architectuce Hydraulique. Vol. II. p. 180. ' • 

% The experimenttf pn sulphuric ether votky be f ery nearly represented by the formula, 

/= (^y^)'; or log./= 6 (log. ( t + 210) - 2-262124) 

when the ether boils at 104* or 106* ; but for ether boilins at 08* , the constant logarithm should be 2'd80ft84. 

In the aboTe experiment the formula for ether boiling at 106* gives forty-eight atmospheces for its elastic force 
al M^ ; but the c6rrespoo4eiioe with the tabular experiments Is nearer. 
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M. Cagniard de la Taurus Experiment oh Ether. 





Volume in the liquid state 7 parts. 

Volume in the state of Tapour 

90 parts. 




Volume in the liquid sUteSi parts. 

Volume in the state of Tapour 

SO parts. 


• 


Temperature 
by Fanrenheit. 


Force of vapour 
in atmospheres. 


Differences. 


Force as ex- 
panding gas by 
formula (art. 
119.) in at- 
mospheres. 


• 

Force of Tapour 
in atmospheies. 


DilTerences. 


Force of ni<- 

poar by fmr-. 

muUrart. 106, 

note) In mtoMM- 

pheres. 


212* 


56 








» 


5-78 


234-5 


79 


2-3 








7-9 


257 


10*6 


2*7 




14*0 




10*63 


279-5 


12*9 


2*3 




17*5 


3*5 


14-1 


302 


18*0 


51 




22-5 


5*0 


18*4 


324*5 


22*2 


4-2 




28*5 


60 


23*8 


347 

369*5 

392 


37*5/^^^ 
48.5l^P""- 


61 

9*2 

11*0 




50*5l~»^'^- 


6*5 
7*0 
8*5 


30-6 
38-7 
48* 


414*5 


59-7 


11*2 




58*0 


7*5 


60*7 


447 


68*8 


9*1 


68*8 


63*5 


5*5 


82-3 


469-5 


78*0 


9*2 


70*4 


66*0 


2*5 


, 100*7 


492 


86*3 


8*3 


72*2 


705 


4*5 


• 


514*5 


92-3 


6*0 


73*9 


74-0 


3*5 




537 


104*1 


11*8 


75*6 


78*0 


4*0 




559*5 


112*7 


8*6 


77*4 


81*0 


31 




572 


119*4 


6*7 


78*3 


85*0 


4*0 




594*5 


123*7 


4*3 


80*0 


89-0 


40 




617 


130*9 


7*2 


81*8 


94*0 


5*0 





On comparing the two series it wQl be observed, that the pressure up to the point wi^ere 
the liquids change wholly into vapour is greater in the tube containing the least prqpoi^ 
tion of liquid ; but this I expect is entirely owing to the mode of trial not being suscepti- 
ble of much accuracy. Up to the point where the change to vapour takes] place the for- 
mula derived from Dr. Ure*8 experiments applies with admirable precision, a new formula 
is necessary after the change. The formation of vapour from the mercury in the apparatus 
most probably affects the results in high temperatures. 
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108. Ure'$ and Dalion's EaperimeiUM on Ether. 





Force in inches of mercury. 




Force in inches of mercury. 


Temperature 
of vapour. 


Ure's expe- 
riments. 


Dalton*8 ex- 
periments. 


Formula. 


• 

Temperature 
of Tapour. 


Ure*8 expe- 
riments. 


Dalton*s ex- 
periments. 


Formula. 


34* 


6*20 




6-48 


140« 


56-90 




56-4 

. t 


36 


• 


7-5 


6-8 










44 

54 


810 
10-30 




8-25 
10-4 


150 


67-60 




66*9 


64 
74 


13-00 
16-10 


15-0 


13-0 
16-1 


160 


80-30 




78-8 


84 
94 
96 


20-00 
24-70 


30-00 


19-83 

24-2 

25-2 


170 
173 


92-80 


120-0 


92-5 
96*9 


104 


30-00 

Second kind 
of ether 




30 00 










105 


30-00 




30H)0 


180 


108-30 




108*1 


110 


32-54 




33-00 










115 


35-90 




36-2 


190 


124-80 




125-8 


120 


39-47 




39-7 










125 


43-24 




43-4 


200 


142-80 




146- 


130 


47-14 




47-4 










132 




60-0 


49-1 










135 


51-90 




51-8 


210 
220 


166-00 


240 


168-5 
194- 



The ether employed by Mr. Dalton boiled in a tube at dG-*^, and will be very nearly 
represented by increasing by one-fifth the calculated quantity for the temperature. Thus 
for 132°, we have 



and for 220'', we have 



49- i 
491 + -4- = 58-92, 
o 



194 
194 + -4- = ^-2-®. 
6 



Dr. lire's ether boiled at YW or 105® , and his experiments are very regular.f 



* Thomson's Annals of Philosophy, Vol. XV. p. ISO. 
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Of the elastic Force of the Vapour qfSulphuret of Carbon. 

109. — ^There is a remarkable compound of sulphur with carbon which is usually dis- 
tiugfuished by the name" sulphuret of carbon, but js sometimes called carburet of sulphur. 
It is liquid and as transparent and colourless as water. It has an acrid and pungent taste, 
somewhat aromatic; its smell is nauseous and peculiar, its specific gravity is 1*272, and it 
boils briskly and distils at from 110'' to 116 '^ depending on its purity. When heated to 
about 680° or TOO'' iki the air it takes fire and bums with a blue flame. It is scarcely solu- 
ble in water. It appears to be a compound of 



Sulphur 
Carbon 



84-21 
15-79 



100-00 



It may be prepared by mixing about ten parts of well calcined charcoal in powder with 
fifty parts of pulverized native pyrites, and distilling the mixture from a jretort into a tu- 
bulated receiver surrounded by ice ; somewhat more than one part of sulphuret of carbon 
ipay be obtained from the above quantities. 

110. — It appears to me that it might be used in a steam engine with some advantage, 
provided it does not act too much on the metallic parts, nor undergo a change by the 
continued transition from heat to cold. For it has a hig^ elastic force at a low tempera- 
mre, being equal to about four atmospheres at 212«, and therefore the advantage of a h^h 
pressure engine may be obtained without the inconvenience of a high temperature. 

Experiments on the elastic Force of Vapour from Sulphuret of Carbon. 



1 

Temperature. 


Forces in inches of mercury. 


Obseryed. 


Calculated by for- 
mula. 


535o 
72-5 
110 


7*4 
12.S5 
30*00 


11-73 
16S5 
3000 
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These two experiments 1 have not attempted to represent by calculation; as the rule by which 
the numbers were calculated was formed from the experimenis in the following table, they 
serve here to indicate that the observed numbers are probably too low for the true ones.* 



111. Experimenis on the force of the Vapour of Sulphurei qf Carbon by 

M. Cagniard de la Tour. 



Degrees of heat by 
Fahrenheit 



212* 

234-5 

257 

279-5 

302 

324*5 

347 

369-5 

392 

414*5 

447 

469*5 

492 

514*5 

537 

559*5 

572 

594*5 

617 

628*25 



Volume in liquid state 8 parts. 
Volume in the state of Tapour SO parts. 



Force in the atmo- 
spheres. 



4-2 
5-5 
7-9 
10-0 
13-0 
16*5 
20-2 
24-2 
28-8 
33-6 
40*2 
47-5 
57*2 



66*5 r 
^^.gfstateof 

89-2 l^*P^"'- 



98-9 
114*3 
129-6 
133*5 



Difference. 



Atmospheres. 

1-3 

2-4 

2-1 

3-0 

3-5 

3*7 

4-0 

4-6 

4.8 

6-6 

7-3 

9*7 

9*3 
11*3 
11-4 

9-7 
15-4 
15-3 

3-9 



Force of Tapoiir by 

the fonpiua in 

atmosplieres. 



4-03 
5^ 
6-8 
8-7 

11-0 

13-8 

17-3 

21 -S 

26-2 

31-9 

42-0 

50-3 

60-2 

71-4 

84*5 

99-5 



♦ The mle in logarithms for sulphuret of carbon by which the calculated numbers in these Ubles were found is 

log./ == 6 (log. (/ + 280) - 2-344878 ) 
to the point where the liquid becomes wholly Tapour. 
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The irregularities in all M. Cagniard de la Tour's experiments, would be in part occa- 
sioiied by the expansion of the tubes under such high pressures and temperatures ; hence, 
to attempt a minute comparison would only shew a want of attention to physical effects 
too common in such inquiries. The usual practice of attempting to supply want of obser* 
yation by minute calculations, is one of the great defects of the present mode of scientific 
inquiry as applied to improre the practice of the scientific arts. 

112<— The forces of various other substances have been tried, but not with much 
attention to the selection of such as are adopted for the acting vapours in an engine, as for 
that purpose one should be chosen which affords the highest power with the least range 
of temperature above the one convenient for condensation ; to a vapour of this kind, heat 
may be applied without requiring so extensive a surfac^e for the fire to act on as when 
water is used. 

On the other part a fluid which has a low elastic force at a high temperature may some* 
times be conveniently, and safely applied to afford a regular heat to the acting vapour; 
hence, it becomes diflicnlt to say to what objects it is improper to extend our inquiries. 

Mr. Dalton made some experiments on the vapour of ammonia. The ammonia he used 
boiled at 140^ ; and its specific gravity was *9474. It had a force of 4*3 inches at G0°, but 
on increasing the temperature, the volatile parts separated first, and left the rest with a greater 
proportion of water, requiring a still higher temperature to convert them into steam ; this 
fluid is therefore inapplicable, 

113. — The force of the vapours of petroleum, and of oil of turpentine has been ascer* 
tained by Dr. Vvei the following tables contain his results. 
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Experiments on the Farce of Vapour of Peirokwm^^ or Jfapthtu 



Temperature. 


Force In inchex of mercury. 


Temperature. 

• 


Force in inches of mereury. 


Ure't experi- 
ments. 


Formula. 


Ure*8 experi- 
ments. 


Formula. 


316o 

320 

325 

330 

335 

340 

345 


3000 
31-70 
3400 
36-40 
38*90 
41-60 
44-10 


30H»0 
31*8 
34*1 
36*6 

42- 


350o 

355 

360 

365 

370 

372 

375 


46-86 
50-20 
53-30 
56-90 
60-70 
61*90 
64-00 


48*1 

• 

54-8 
62*4 1 

66-5 



Experiments on the Force of the Vapour of Oil of ntrpentine.f 



Temperature. 


Force in inches of mereury. 


Temperature. 


Force In inches of mereury. 


Ure*8 experi- 
ments. 


Formula. 


Ure*s experi- 
ments. 


Formula. 


304* 

307-6 

310 

315 

320 

322 

326 

330 

336 


30H)0 
32*60 
33*50 
35-20 
37*06 
37*80 
40-20 
42-10 
45*00 


30*00 

31-6 

32-7 

35*3 

380 

39H) 

41-1 

43*6 


340* 

343 

347 

350 

354 

357 

360 

362 


47-30 
49*40 
51*70 
53-80 
56-60 
5870 
60-80 
62-40 


50.10 
52*5 

57*3 
65-4 



* For tlie steam of petroleum, the boiling point being 816*, the rule in logarithms is 

; log./ = 6 (log. {t + 100) - 2*372906). 
t For the steam of oil of turpentine, which boils in a tube at 804*, the rule in logaritluns is 

log./ s 6 (log. (/ + 100) -. 2*360194). 
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114. — ^There yet remains a substance which seems to possess (he properties desirable 
in the acting vapour of an engine. It is called oil gas vapour, and is separated from oil 
gas by the compression used to render that gas portable. It has been examined by Mr. 
Faraday,^ who found that it is insoluble in water except in very minute quantities. It 
boils at about 170° but remains liquid at common temperatures ; it consists of a combina* 
tion of fluids of diflferent deg^rees of volatility, and by repeated distillations at different 
temperatures the volatile fluids may be separated ; the most abundant separates between 
170° and 200'. 

At common temperatures the fluid which separates between 170^ and 200'' appears as 
a colourless transparent liquid, of the specific gravity 0*85 at 60' , having the general 
odour of oU gas. Below 42' it is a solid body which contracts much during its congela- 
tion. At zero it appears as a white or transparent substance, brittle, pulverulent, and of 
the hardness nearly of loaf sugar. It evaporates entirely in the air, and when its tem- 
perature is raised to 186° it boils, furnishing a vapour, which is 2*7 tiroes the weight of 
the same bulk of common air. It appears, however, that at a higher temperature the va^ 
pour is decomposed, depositing carbon. 

It is composed of six volumes of carbon, and three volumes of hydrogen, condensed 
into one. 

115. — ha a paper in the Phifosophical Transactions On the application of liquids 
formed by the condensation of gases as mechanical agents. Sir H. Davy anticipates the 
probability of the application of the elastic force of compressed gases to the movement of 
machines.t He founds this anticipation upon the immense difference between the in- 
crease of elastic force in gases under high and low temperatures by similar increments of 
temperature. The force of carbonic acid was found to be equal to that of air compressed 
toVW at 12^9 and of air compressed to Vr at 32', making an increase of pressure equal 
to the weight of thirteen atmospheres. 

1 16. — I think, however, it will be found, that two other circumstances should be con- 
sidered in estimating the fitness of compressed gases as mechanical agents. First, The 
distance through which the force will act ; for if this distance of its action be less in the 
same proportion, as the force is increased by compression, no advantage will be 
gained: the power of a mechanical agent being jointly as the force, and the distance 
through which that force acts. Secondly, The quantity of heat required to produce the 
change of temperature is also to be considered. For if the mechanical power requires as 
great an expenditure of heat as common steam, no advantage worthy of notice would be 
gained. In fact the only prospect they afford of being useful is through lessening the ex- 
tent of surface to be heated. 

* PhUosophleal Transactions, ISSa. t Idem, for 1828. 
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The idea of emplo} ing very powerful pressures, acting through a short space, seems 
more valuable at first sight than it proves on examination. It is considered that an engine 
of high power can be got into a small place, and will be of less weight. But the real in- 
conveniences, are, the lai^e mass of fuel required to supply the engine a given time, 
and the immense surface that must be exposed to an intense heat to obtain a given quantity 
of heat in a given time. Besides, when we attempt to use high degrees of pressure, an ac- 
curacy of workmanship, and attention to the elasticity of materials, becomes necessary, 
which renders the work expensive, and of short duration. 

The success of Mr. Faraday in reducing various gases into the liquid state is not how- 
ever the less important. His method consisted in generating the substances in a bent tube 
of glass hermetically sealed at both ends. Then, by cooling one end of the bent tube and 
heating the other, when heat was necessary, the gas was condensed in a liquid state at the 
cold end of the tube. 

117. — Carbonic acid required the greatest precautions to effect the condensation 
with safety. The liquid obtained is a limpid, colourless body, extremely fluid, and floated 
upon the contents of the tube, without mixing. It distils readily at the difference of tem- 
perature between 32^ and 0** ; its refractive power is much less than that of water, and its 
vapour exerts a pressure of thirty-six atmospheres at a temperature of 32^. In endea- 
vouring to open the tubes which contained it, at one end, Mr. Faraday states, that they 
uniformly burst with powerful explosions.* 

The gases reduced to a liquid state by Mr. Faraday, with their densities as far as 
known, are collected in the following table, with a column to shew the mechanical power 
compared with steam."f* 



* The ingenious Mr. Brunei is attempting to work an engine where the acting vapour is to be liquid carbonic 
acid. It is to be regretted that his great talent for mechanical combination should be employed where there is so 
litUe chance of success. 

t The power is as the force and the space through which the gas passes in its reduction to the state of liquid, 
(See Sect. IV.) The space is found by comparing the density of the body in the liquid state with its density in 
the gaseous under the same pressure ; and as the weight of air is to water as 1 : 828 ; to find the mechanical 
power of equal volumes of the liquid, we have simply to multiply 888 by the specific gravity of the liquid, and di- 
vide the product by the specifiis gravity of the body in the state of gas. The force does not enter into the calcula- 
tion, because the density of the gas must obviously be greater in the same proportion. The quantity of heat is 
most probably in the ratio of the power, and if this be the case, all substances will alTord equal powers with equal 
quantities of heat. 
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Body. 


Specific grsTity 
of the gas, air be- 
ing unity. 


Specific grarity of 
liquid, water be- 
ing unity. 

■ 


Temperature. 


Force in at- 
mospheres. 


Mechanical power 

of equal weights 

of the gases. 


Carbonic acid gas 


1*527 




32* 


36 




Salpharic acid gat 


2-777 


1-42 


45* 


2 


426 


S«lpburctted bydiogen gas 


M92 


•9 


50« 


17 


630 


Euchlorine gas 


2*365 






. 




Nitroas oxide 


1-527 




45o 


50 


- 


Cyanogen 


1*818 


-9 


45* 


3-6 


395 


Ammonia 


-5962 


'76 


50« 


6*5 


1057 


Muriatic acid gas 


1-285 




50* 


40 




Chlorine 


2-496 


1*33 


50* 


4* 


440 


Steam of water 


-48 


I'OOO 


212o 


1- 


1711 



'•vr 



These are the principal researches that have been made on the force of vapours at diflfiH*- 
ent temperatures, when in contact with liquids ; but in order to render the subject more 
complete, we must consider the force when not in contact with the liquids which gene* 
rate them, and their density and volume. 



Of the elastic Fwce of Vapour separated from the Liquids from which they 

were generated. 



118. — It has been remarked, that the elastic force of steam or vapour produced by 
increase of temperature, ceases to follow the same law where it is not in contact with the 
liquid from which it was formed, (art. 87.) The density of the steam no longer increases, 
the force being solely that which prevents it expanding, and is measured from the quantity 
it would expand if unconfined. The expansion by the same increase of temperature 
having been found to be the same in all gases and vapours, and the density as the conk* 
pressing force, as far at least as 00 atmospheres, it becomes an easy task to compute thb 
species of force" within' that range, of compressive force. 

This will also be further useful in determining the volume steam of a g^ven density and 
temperature occupies as far as about 00 atmospheres; higher we need not attempt to go 
for useful purposes ; and if we did our rules would fail, for there is not even a probable 
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chance of the law of the density being as the force extending to very high d^;rees of 
compression. 

119. — ^The quantity a gas or vapour expands is found by the following rule. 

Rule. To the temperature before and after expansion, add 459. Then divide the 
greater sum by the less, and the quotient multiplied by the volume at the lower tempera- 
ture, will give the volume at the higher temperature. 

Or let f be the temperature with the volume v, and f any other temperature, then 

V469 + i ) ^ " 

the volume at the temperature f. 

As the volume the vapour occupies at the lower temperature is to Jhe volume it would 
become by expansion, so is the elastic force at the lower temperature to that at the higher 



one. 



^ -^459 + tf^ '-^ ••' V459 + t'' 



Taking as an example M. Cagniard de la Tour's experiments on ether, it is stated, that 
it was completely in a state of vapour at a^ lower degree, but the differences do not indi- 
cate this to have taken place till it was 447^, and its force was 688 atmospheres; required 
its force at 617.* In this case 



459 -f 617 
4.^9 + 447 



X 68*8 s 81 '8 atmospheres. 



In the experiment he states it as 94 atmospheres, and undoubtedly in consequence of the 
vapour of mercury forming in the apparatus, (art. 107.) and a like remark applies to all 
his experiments ; for our rule for the expansion rather exceeds the truth than otherwise. 

120. — ^By reversing the process, we may find the volume steam will occupy under 
any compressive force not exceeding 60 atmospheres, when its volume is known for a 
given temperature and pressure. For example at 60** its force being thirty inches of 
mercury, its volume is 1924 times its volume in water.* Now by increasing its temperature 



* The Tolume of any yapoar or gpas at 60* and 80 in. is easily found from chemieal tables containing their spe- 
cific grayity, compared with air at that temperature and pressure ; for air is 889 times the Tolume of an equal 
weight of water : consequently, the number 8S8 being multiplied by the specific grafity of the liquid, and divided 
by the specific grayity of the yapour in question, giyes its proportion of yolume to an unit of yolume of the 
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to the d^free t* its volume would be 

And/: 30 :: 2-66 (459 + f) : ^ >^ ^^ ^ "^ '^ = ''' ^^ ^ '^ = 

the volume at the force y* and temperature f. 

121. — ^Hence, we have this conyenient rule for finding the volume or space the steam 
of a cubic foot of water occupies, when the steam is of any given elastic force and tenw 
perature. 

Rule. To 459 add the temperature in degrees, and multiply the sum by 76*6. 
Divide the product by the force of the steam in inches of mercury, and the result will be 
the space in feet the steam of a cubic foot of water will occupy. 

Example. If the force of the steam be four atmospheres, or 120 inches of mercury, the 
temperature to that force being according to Mr. Southern's experiments 295*, (art. 77.) 
then 459 + 295 = 754; and 

764 X 76-6 67681 ^_ ^ 
[20— = -[20- = ^"'' 

Its^ volume found by experiment was 404; and considering the difficulty of ascertain* 



fluid. Thus steam is of the specific grayity -685 ; and 












828 
•626 "" 


1324. 








Substance. 


Specific gra- 
Tity in liquid 
state, water be- 
ing unity. 


Specific gravi- 
ty in Tapour, 
air being utdty 


Volume of va- 
pour for one of 
liquid at 60o 
and 80 in. 


Constant num- 
ber for for- 
mula. 


Volume at the 
boiling point 
of the liquid. 


Boiling point. 


Water 


1*000 


0^625 


1324 


76*5 


1711 


212* 


Alcohol 


•825 


1*6133 


423 


24*5 


476 


173* 


Solphoric ether 


-632 


2-586 


203 


11*7 


220 


104* 


Sulphuret of carbon 


1-272 


2*6447 


398 


23 


440 


116« 


Naptha 


•758 


2-833 


224 


13 


280 


186o 


Oil of turpentine 


•792 


5*013 


130 


7*5 


193 


314* 


Oil gas liquid 


•85 


2.7 


260 


15 


337 


186* 



From this table it appears that one Yolame of water produces more Ti^ar than an equal volume of any other sub- 
stance in the list. 
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ing the Tolume, on account of the allowances to be made for escape of steam of such a 
high temperature, it agrees very well with the calculated result. According to Dr. 
Ure's experiments the force of steam at 295"", is 129 inches, which gives 446 for the times 
the volume is increased by converting into steam of that force and pressure. 



Of the Mixture of Air and Steam. 

122. — It is a well known fact that common water contains a considerable portion of 
air or other uncondensible gaseous matter, and when water is converted into steam, this 
air mixes with it, and when the steam is condensed remains in the gaseous state. If means 
were not taken to remove this gaseous matter from the condenser of an engine, it would 
collect so as to obstruct the motion of the piston. But even when means for removing it 
are employed, a certain quantity constantly remains in the condenser of an engine, and in 
order to determine its state, we must consider the effects produced by mixing air with 
steam, or vapour, at different temperatures and pressures. 

Let us suppose that we have air and vapour of the same temperature I, and elastic force 
p ; and that the volumes are v and v^. If they were now put one on the other in a closed 
vessel of the capacity!? + v^ it is plain they could preserv'e an equilibrium; because, 
the temperature is the same, and the mutual pressures are equal ; but this equilibrium 
would not be stable. 

Experience proves that these gases would gradually mix together till they became 
completely intermixed. It further shews that during this pperatiop heat is neither 
evolved nor absorbed ; so that after a certain time the mixture is perfectly homogeneous, 
the two gases holding the same proportion in every part, and the temperature aiid pres-^ 
sure being t and p. From these facts, established by observation, we may deduce another 
equally well verified by experience. 

123. — If two gases, or a gas and vapour, mixed together at the temperature t fill a 
volume v; and if p and y* denote the pressures they would separately exert when se- 
parately occupying the same volume Vp at the same temperature ^, the pressure of the 
mixture will hep +f 

In effect, let us suppose that the two gases at first are distinct, and let y* be greater than 
p; then dilating the gas under the pressure y*, untiiy changes to /i, its volume will be- 
come 

p 
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provided the same temperature t has been preserved. Placing the two gases now one on 
the other» their united volume ia 

P P 

124. — These gases, according to what we have said above, will equallj intermix 
without changing their temperature or common pressure p. Now according to the law 
of the volume being conversely as the pressure, which is as true of mixed as of simple 
gases, if we compress the mixture without changing its temperature until its volume 

"" iP&f) 



P 

becomes v, the pressure p will become p -k-fi the same as we had to prove. Equally 
good would the principle hold with three or more gases, or with a mixture of gases and 
vapour ; in all cases the united pressure will be equal to the sum of all the pressures which 
the gases or vapours would singly exert, when separately occupying the same volume 
V at the same temperature U 

When a change of temperature takes place either afler or during the mixture, and the 
first temperature being t ; then 

( 459 + t\ v{p+/) _ 
Vi59 + t^ p "" 

the volume when at the temperature f, 

125. — This is compared with General Roy's experiments in the following table^ 
formed from the mean results which he obtained.* Commencing at zero, 1000 parts of 
air, in contact with water, and under a pressure of 32*18 inches, increased in volume by 
the formation of vapour, and increase of temperature as shewn in the second column of 
the table ; while the third, is the force of vapour at these temperatures by our rule ; the 
fourth is computed by the rule in the preceding article.t 



* Philosophical Tnmtactions^ Vol. LXVII/p. QfiS^ 

t An erroneouB fomrala for this purpose has been copied into severat worlit ; it fi* 

^ P _ 

tiie Tolunifr ; and does not at all agree with tlie experiments. I gave an amdlysis of the correct rule in my work oa 
waifming and ventilating, p. S91. It has also been iuTestigated by M. Poisson, whose mode of illustration 
have followed in the above.. 
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Temperature. 


Volanie of air and 
▼apour by experi- 
ment. 


Force of Tapour. 


Volume of air and 
vapour by calcula- 
tion. 


0* 


1000-00 


0-032 


1000 


32 


1071-29 


0-172 


1076 


52 


1123-05 


0-401 


1132 


72 


1182-50 


0-842 


1190 


92 


1255-14 


1-629 


1260 


112 


1353-75 


2*95 


1360 


132 


U91-06 


5-07 


1500 


152 


1688-96 


8-33 


1680 


172 


1929-78 


1317 


1930 


192 


2287-44 


20-16 


2300 


212 


2671*94 


30-00 


2850 



The agreenent with experiment is in this case very near, and it adds furtlier confirma* 
tion of the accuracy of the formula for the force of steam below the boiling point. 

126. — In the condenser of a steam engine the vapour will be of the elastic force cor- 
responding to its temperature, and that temperature is determined by that of the fluids 
which condense it. 

' ' It will also always become, after a few strokes of the engine, mixed with as much air 
AS it will saturate at the given temperature and pressure; and by the preceding inquiry 
it appears, that this saturation will take place when there is ^n equal mixture of air and 
vapour in the condenser ; consequently, only half the quantity drawn out by the air pump 
-at one stroke will be air, the rest will be uncondensed vapour ; and the quantity of air 
drawn out at each stroke mu<it be at least equal to all the air which enters both from the 
boiler, from the injection water, and from leakage at the joints in the time between stroke 
and stroke ; a slight variation on either side, however, will not, it may easily be proved, 
have much effect in retarding the engine. 

As the volume the air and vapour occupies determines the air pump to be of a large 
size, and consequently expensive both in construction and power, in order to lessen its 
bulk, a second injection might be made within the air pump. But the utmost that coufd 
be gained by this method would be very little more than the difference pf volume due to 
temperature, not perhaps one-tenth of the volume of the pump in any case. 

It is important to remark, that in steam from salt water, the same quantity of air will 
occupy more space, on account of the bteam being of less elastic force at the same 
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temperature; bnt perhaps this is much more than compensated for, by salt water contain* 
ing less air. 



Of the Motion of elastic Fluids and Vapours, 

127. — A knowledge of the principles and circumstances which affect the motion of 
elastic fluids is of considerable importance in assigning the relative proportion of the parts 
of a steam engine. It is a subject that has been very little studied in discussing the theory of 
this invaluable machine, and therefore, it is one which will engage a considerable share of 
our attention in this work. Steam is in motion daring its action ; it must move through 
passages to perform its ofRce, and be forced through others as it retires ; and the effect of 
disproportion it is difRcult to determine from practice alone, because the result depends 
on so many contingent circumstances. 

The best method, therefore, must be to .separate the effects, and study each independ- 
ently ; there is then reason to hope that they may be united into a perfect syitem ; and 
at least it shall be our endeavour to forward this desirable end to the extent of our 

power. 

128. — The condition of free elastic fluids, has been shewn to be regolated by the 
pressure and temperature of the atmosphere. And, when an elastic fluid is confined in a 
close vessel, its condition as to temperature and pressure must • be similar to that it would 
be in, if in an atmosphere of the same fluid capable of producing the same pressure upon 
it. « 

139. — ^The most convenient method of investigating the motion of mi elastic fluid is, 
to find the height of a homogeneous column of the same fluid, capable of prodacii^ the 
same pi^essure as that to which the fluid is subjected. For then the fluid would rush into 
a peHect vacuum with the velocity a heavy body would acquhre by fiilling through the 
height of the homogeneous column, when a proper reduction is made for the contraction of 
the aperture. 

130. — If a pipe of communication be opened between two vessels containing elastic 
fluids of different elastic forces, the velocity of the efflux through the pipe at the first in» 
stent, #in be that which a heavy body would -acquire by falling through the differenoe 
between the heights of homogeneous columns, of the fluid of greatest elastic force equiva- 
lent to the pressures. And it would be as the velocity acqoined by billing through the 
difference bMween the heights of the columns equivalent to the pressure at any odier in- 
' stunt; the height to be ascertained for the instant at which the velocity is required. After 
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ft certein time the pressures or elastic forces would become equal, and tlie velocity of 
course would be nothing. 

131. — ^The consideration of chimneys is another case of the motion of elastic fluids, 
where* by increase of temperature, a part of an atmospheric column is rendered of a dif- 
ferent density. Seine mistakes have been committed in treating this case, but we must 
proceed to treat of the motions which take place in engines; and first of the allowances 
to be made for contractions. 

132. — In the motion of elastic fluids, it appears from experiments, that oblique action 
produces nearly the same eflfect as in the motion of water, in the passage of apertures, and 
that eddies take place under the same circumstances, tending to retard the motions in a 
considerable' degree. 

'133. — ^The velocity of motion that would resoU from the direct unretarded action 
of tke ookmiB of ibe fluid which prodaeet il being uaitf .•.•.-•»• 
The Telocity through an aperture in a thin plate by the same pressure is - - - - 
Through a tube from two to three diameters in length projecting outward - - .. - 
Through a.tube of the same length projecting inwards --.--•-•-. 
Through a conical tube, or mouth piece, of the form of the contracted rein ... 

134L — Every enlargement of a pipe which is succeeded by a contraction, reduces the 
Velocity of the motion, and in proportion to the nature of the contraction, and every bend 
and angle in a pipe, is attended with a diminution of velocity. Hence, as far as conveni- 
ence will admit, these causes of loss should be avoided ; and where .they must be intro« 
duced, such forms should be given as will lessen the defect as much as possible. 



1-000 


or 


8 


.625* 


or 


5 


•813 


or 


6-5 


•681 


or 


5-45 


•983 


or 


7-9 



Of the Motion ofStecak in an Engine. 

. 135.*— We have stated (art 129.) that the most convenient mode of determining the 
motion of steam is, by finding the height of a column of the same fluid which would pro- 
duce the same pressure upon a base of equal area ; the manner of determining this column 
is, therefore, the first point to be considered. The force of steam is sometimes expressed 
by the pounds on a square inch ; sometimes by the inches in height of a column of mer- 
cury, and not unfirequently by the number of atmospheres ; it will therefore be an advantage 
to find the height of a column of water equivalent to each of these measures, and then, 



* According to experiments on air made by Mr. Banks, 0*684. See Power of Machlnei, p. IS. 
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that being maltiplied by the relative bulk and pressure of the steam, the height of the 
column of steam will be found. 

The height of a colamn of water at 60« eqaiTalent to a prctsuR of 1 lb. per square inch it 2«31 fleet 

of 1 lb. per circular inch ii 2*94 feet. 

of I inch of mercQiy is 1»133 feet. 

^________^____^____^__^__________ of the atmosphere is 34«0 feet. 

The water is supposed to be of the temperature GKff and the atmosphere equal to a pres- 
sure of thirty inches of mercury ; the bulk of the steam will depend on the pressure and 
temperature, and will be given for the range of practice in a table at the end of the 
Tolume, or may be found by (art. 121.) For example, the volume of steam at 212^ being 
1711 times the bulk of the square quantity of water at 60^, and the pressure being thirty 
inches, we have 1711 x 34 = 68,174 Gset, the height of an atmosphere of steam at 

212* 

196. — ^If an aperture were formed so that there would be no oUique action in passing 
it, a gaseous fluid or vapour would rush through it into a perfect vacuum, with the velo- 
city a heavy body would acquire in falling through the height of the colunm of the 
same fluid equivalent to the pressure. 

And this velocity in feet per second is equal to eight times the square root of the height 
of the column.* But through pipes and other apertures the velocity will be only 5, or 
6 i, or other number of times the square root of the height of the column, as shewn in the 
table, (art. 133.) for each kind of aperture. 

137. — If the height of a column of steam equivalent to the pressure of steam in a 
boiler be determined, and also the height of a column of the same steam equivalent to the 
pressure on the piston of a steam cylinder, then the velocity will be equal to 6*5 times the 



* In algebra'c notation ; let /be the inches of mercury equal to the force of the steam or the pressure on the 
fluid, h the bulk of the fluid when the same weight of water is I, and ik s the height of an atmosphere of the fluid 
of uniform density. Then, 1*18/ hszk; axid 

8 ./T= c = 8 ^ 113/6, 
when the fluid flows into a perfect Tacuum without contraction at the aperture. In the best formed pipes it is 

79 v^=»* 

in common formed ones 

r— « . L 76-5 (469 + 
6*5 ^ A = V. But b = ^ — -^—^ 

(art. 191.) hence 

V SB 6-5 ^ 8tJ-6 (469 + f) ; 
when ^ is the temperature of the steam 
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square root of Uie difference between the heights of the two colamns. This result is the 
velocity in feel per second through a straight pipe. 

138. — ^The quantity of steam generated may be considered to be equal to the quantity 
consumed in the same time, or that the boiler is of sufficient capacity to admit of its being 
taken at intervals without a sensible loss of elastic force ; and as these conditions are essen* 
tial to a good engine we shall consider them to be fulfilled. (See Sect III. art 210.) for the 
proportion of space in boilers* 

139. — ^The volume of steam required in a second is equal to the area of the piston 
multiplied by its velocity in feet per second. And its density or elastic force must be as 
much less than that of the steam in the boiler, as to allow the same weight of steain to 
pass in a second through the steam passages. For if it passed through the steam passages 
with no greater velocity than that of the piston,, those passages must be of the same area 
as the cylinder ; but as they are less than the cylinder, the excess of velocity must be pro^ 
duced by a corresponding excess of force in the boilen 

140. — ^The steam, till it has passed the narrowest part of the passages, will have the 
isame density as in the boiler, but in the cylinder it must expand till its density be so re» 
duced as to cause the difference of pressure producing the velocity through the contracted 
passages; and, as the density is as the elastic force, the force of the steam in the boiler 
multiplied by the velocity, and the area of the passage, must be equal to the elastic force 
on the piston multiplied by its area and velocity. 

That isy*a v =: /i A V, wheny* is the force of the steam in the boiler in inches of mer- 
cury ; a, the area of the steam passages ; v the velocity ; p the force on the piston in 
inches, A its area and V its velocity. 

From this we have 



» A V 

AM ^^^^ • 



But by the rule (art 137.) 



% SB 6*5 ^V\Zh{f -^ f)\ tberelKNre 
fk V _ 



-j^ =6-6 V I13 6(/-p). 

If the area of the steam passage be required, we have 

pA V _ p A V __ ^ . 

6-6 /'v^lia6(/-p> "" ^ 6-6/ V^*^»(4^ + ^) ^' 

when %f =s (jf — p ) =s the loss offeree ; which should not be exceeded.. 

141. — In practice ixx low pressure engines it is usual ta make the diameter of the 
passage about one-fifth of the diameter of the cylinder,, and then, its area is iV of the area 
of the cylinder. And as this proportion is grounded* upon the experience of the difficul*^ 
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tieB involved by making the passages larger, it ought not to be varied from wiAoat a suffi- 
ciently obvious advantage, 

142. — ^This formula applies only to the case of a pipe without obstructions, and we 
have no experiments by which the effect of these causes of diminution can be estimated 
with accuracy, but we may endeavour to allow for them'on the principles which opemtfe 
in similar circumstances. For this purpose let the part of the pipe from whenoe the 
change of figure takes place be considered a vessel with an aperture of the kind nearest 
resembling the figure of the branching pipe; and the loss of motion at the place equal to 
that such an aperture would cause. 

Thus when the angle is a right angle, the loss of velocity may be considered half that 
which takes place when a pipe is inserted in the side of a vessel, as the diminutions in 
the exterior half of the aperture will not be so ^great in this case, therefore, the |oito 
will be 

1.000--813 ^. , 
= •094, nearly, 

and may be allowed for by diminishing the velocity one^enih^ for each right angled 

beHa* 

The same allowance for loss should be made when one pipe branches at right angles 
from another. 

143, — In a pipe formed to a regular curve, or bent only to an obtuse angle, the re- 
duction will not exceed that which happens with a conical mouth piece which is about 
^ of the velocity. 

If a pipe be terminated in a valve box the allowance of two^enthi should be made for 
the loss of velocity in passing the valve.* 



^ When a series of obstructions of the same kind occur in a pipe, the reduction for the first beiof 

1 



a 



the Telocity will be reduced from V to 

V (1 - 4-)- 

in passing n obstructions. For the loss of force at the first obstruction must be as 

V 



9 



hence, it will he reduced to 



-f-v(.--l.). 
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144— Few e&giiiM hwe legs than tbree obstructions equiralent to passing so many 
different apertures, whieh together may be expected to reduce the velocity so as to require 
the number 6*5 to be reduced to 4*&y conseiquently the formula becomes 

pAV AV 

4-4/ ^'WSn ( 459 4- '^ ) *° 40-5 (n + 1) v'«(469+ ^) * *' 

which will enable us to compare with practice after considering the other causes of lossu 

145. — Loss ^Jbrce by cooHng. But much of the finroe of the steam will ako be 
lost in the passage through the steam pipe by cooling. The quantity of steam exposed 
during a second is as the area and velocity of the steam ; or 

^ a © 
"■144"' 

a being in inches, the rest in feet. Hie surface is as the length and diameter, or 

Hence the loss of heat being du'ectly as the surface, and inversely as the velocity, we have 
for cooling in metals 

21 ( T — r ) X 4 / JT X 144 ^ ^,, 
60 a o X 13 ^ ' 

the loss of heat in a second ; or rather the loss of heat which the quantity passing in 
one second experiences.* By reducing the numbers to their lowest fractions it becomes 

a V 
In this equation T is the temperature of the surface of the steam pipe, which will be 



thif quantity will be again ndneed 

V ( 1 " -T") 
a 

at the leeond eontractimi, and the velocity will beoome 

v(i--r)- v(i---r-) =v(i--r)»; 

a 
aad so on. To ealcnlate such a sncoestion of diminutions, we haTe 

Iog.V + «log.(l i-)= 

the legaritlHn of the reduced velocity. 
* Tredgold on Wanning and Ventilating, art. 44. 
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about one-tweDtieth less than that of the steam ; tf' is the temperature of the air, I the 
length of the pipe in feet, d its diameter in inches, and v the velocity in feet per second. 

140, — In applying this equation to find the loss of heat, there are no other circum* 
stances to be considered, but in its application to determine the loss of elastic force, there 
is a most important point to which I wish particularly to direct the attention of the manu- 
facturers of engines. It is the degree to which the temperature of the steam is reduced by 
passing through the pipe. It is said to be frequently as much as would reduce its tern* 
perature below 212^ ; when this is the case we know that part of the steam must become 
water, and the rest of it become of the force equivalent to a temperature of 212^, and there- 
fore all the excess of force which was generated in the boiler would be destroyed by the 
cooling in the passage to the engine. 

147. — ^A knowledge of this cause of the reduction of the force of steam tp atmospheric 
elastic force^ and of the importance of not losing force where either economy of heat or of 
space is desirable, makes one/ feel a strong desire to know its amount, knowing that the 
most esteemed manufacturers of steam-boat engines, Boulton and Watt not excepted, cause 
the steam to pass round between the jacket and the cylinder, and as if intentionally to ex- 
pose it as much as possible to the cooling effect of the atmosphere^ to reduce its elastic 
force before it enters the cylinder to i^xert its power. 

148. — The reduction of the temperature of steam reduces its elastic force to that of a 
lower temperature, and during this reduction a portion of the steam becomes water. If 
y denote the elastic force in the boiler, andy^ that afler the heat has been lost, ^ 

/-/ 
./ 

will be the quantity reduced to water, and this multiplied by its heat of conversion into 
steam, must be equal to the heat the whole has lost by cooling ; therefore 



'^^^^ /c-w)-/- 



And here it will be remarked, that when i!" is equal to the whole heat of conversion,/^ 
will be nothing ; or the whole will be cooled into water as it is in an apparatus for warming 
buildings. We are now in a condition to give, an answer to the question of what is the 
loss of force in any particular case. Let the temperature of the steam be 220, and its 
force thirty-five inches, the length ^of the steam pipe twelve feet, its diameter six inches* 
and the velocity of the steam in the pipe eighty feet per second, and the temperature of the 
air 6(y» Then by (art 145.) we have 



* The Dumber 967* U here taken u the heat of coDTersion into steam, but in general I use lOOO* as moce accu* 
^ rate. (See art. 82.) 
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1.7/(T-r) 1-7 X 12 X (209— 60 ) ^^ , 
di = 6x80 =^ ^'^ ^^S'^"' ' 

and therefore by the eqaation above we have 

consequently there is in this case a loss of force equivalent to 0*23 inches of marcury ; or 
rfv of the force ; but this, it may be said, is one of the most favourable of the cases that 
usually occurs in practice. In steam boat engines where the steam has to pass round the 
cylinder, the force in the cylinder is said, from observation, not to exceed about twenty- 
eight inches, when the force in the boiler is about thirty-six inches. 

149. — It is obvious that the higher the force and temperature, the greater will be the 
reduction by cooling, and therefore, the loss in engines of WoolPs method of construction, 
where the steam has to make its way round the cylinders, must be greater ; and take away 
much from that increase of effect arising from the use of high pressure steam, to gain 
which so much risk at the boiler is encountered. 



Of the ^rea of the Steam Pai$age8. 

150. — The formula for calculating the motion of steam in an engine, has no maximum 
value to assist us in the choice of a proportion for applying it in practice ; but it shews that 
the larger we make the aperture the less we shall lose of the elastic force of the steam. 
On the other hand, we have shewn that the loss of force by loss of heat is greater, the less 
the velocity, and its variation increases in proportion to the increase of the diameter of the 
pipe. The proportions, however, which about render the loss by the two causes equal 
have been found most convenient in practice, and therefore claim the preference. There 
are two rules in use, and neither of these is exactly the same as the theoretical 
one. 

151. — The one is to make the diameter of the steam-ways one-fifUi of the diameter, 
of the cylinder. This appears to be Boulton and Watt's proportion. 

152. — ^The other is to make the area of the passage one superficial inch for each horse 
poiwer. 

153. — ^The obvious intention of these rules, is, that the steam should move with the 
same velocity, or require the same impelling force, in any sized engine. Either of them 
gives nearly the result, but neither of them g^ves it exactly. For the horse power in a 
small engine requires more steam than in a larg^ one, and therefore the aperture should 
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be g^reater in small engines or leos in large ones than one inch area for each horse 
power. 

Again, engines having a short stroke move slower than those with a long one, and ther^ 
fore should have the steam passage of a different proportion of the diameter according to 
the velocity. 

164. — ^To render the velocity very nearly the same in all cases we have this rule :* 

Multiply the length of the stroke by the number of strokes per minute, and divide the 
product by 2400 ; the square root of the quotient multiplied by the diameter of the cylin- 
der is the diameter of the pipe. 

Example. To find the diameter for the steam pipe of an engine of which the diameter 
of the cylinder is two feet, the length of the stroke 2*5 feet, and the number of strokes 
per minute thirty-eight ; 

38 X 2-6 _ 96 _ J_ 
2400 " 2400 " 25 

and the square root of Vr is one-fifth, hence, the diameter of the steam pipe in this case is 
one-fifth of that of the cylinder. 

The same rule applies to both high pressure and low pressure steam engines, and both 
to the steam passages and the passages to the condenser ; and the excess of force necessary 
to produce the velocity is very nearly one 144th part of the force of the steam. 



* From the eqaation (art. 144,) we haye, wheu n == *00604, supposing -^ part of the force to be lost in pro* 
ducing the Telocity, 

AV 



s 

= a * 



3-357 ^459+ t' 
and when we use the length of the stroke i, and the number per minute m ; 9 /•• b= 60 V, and 

90 V 469 + t^ 

When I ' cs 8909 , it becomes 

Aim 

St:. 0. 



s=a. 



2400 
which is the same as the rule. Itt^ss S90», then 



Aim' 

= a. 



9020 



showing that a rather smaller aperture will do for high pressure steam. A is the area of the cylinder in circular 
indies, and « the area of the pipe fai dreular inches. 
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Of the Lou of Force by the cooling of the. Cylinder. 

156. — ^The steam after it gets within the cylinder is liable to a loss of force by cool- 
ing. It is, in large engines, usually inclosed by a case called a jacket, and steam is intro* 
duced between this case and the cylinder to keep the latter hot, but the loss in fuel by 
this mode is the same as with a naked cylinder, and there is clearly no advantage in pre* 
serving the force of the steam by adding this case, unless it be supplied with steam by a 
separate pipe. (See art. 147.) 

156. — ^The investigation for the loss of force in the steam pipe applies in the case of 
a naked cylinder with a very slight alteration. The steam in this case is progressively 
exposed to the sides of the cylinder ; hence, the loss will be some little, but not materially 
less, than that which would take place were it kept constandy exposed to the sides. But 
to the convex surface the ends of the cylinder have to be added. 

With the addition of the ends to the surface, the quantity of cooling in degrees per se» 
cond, rrom (art. 145./ becomes 

•07(24/ + ^). (T-t") _ . 

d V 

Where I is the leng^ of the cylinder in feet, d its diameter in inches, t; = the velocity of 
the piston in feet per second ; T = the temperature of the steam less VV part, and f^ = 
the temperature of the air. The force is reduced to 

the force on the piston. 

167. — ^When low pressure steam is employed the temperature T will be 212% and 
putting r' e: eO% and 





Z= — -,and« = 3-6, 


we shall have 






•07(24/ + rf>. (T-r) ^^^. 

^ i— ji — i ^sB 15*2 degrees; and 




9-1 J 




967 ^ 106 • 



Therefore in low pressure engines there is a constant loss for all sixed engines of ^fr of the 
power. When a casing is used and kept copstantly filled with steam, the loss of heat 
and consequently of power from die same fuel will be greater ; because the surface will be 
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constaDtly kept at the temperature of the steam. I hope this will be sufficient to establish 
the truth that the steam case is an useless addition to the expense of an engine. 

138. — In a high pressure engine working at 900"* , the loss by a naked cylinder is only 
about ^ part of the force. 

159. — The best mode of preventing loss is to put a case with an air-tight cavity be- 
tween it and the cylinder, mstead of filling this case with steam, and besides the advantage 
of saving fuel the engine rooms will not be heated so much. 

160. — The single engine will lose more heat but not quite double the quantity of the 
double engine ; hence, we shall be about its amount in stating the cylinder at Vr of the 
power. It will also lose' double the quantity by the passage of the steam from the boiler 
to the cylinder. 

161. — In atmospheric engines the loss of force by cooling in the cylinder, when a se-^ 
parate vessel is used for a condenser, is an interesting inquiry. Assuming that the piston 
is kept steam-tight without the use of water, the loss must be greater than in the single 
steam engines by the amount lost in cooling the inside of the cylinder half the time; 
hence, the value of I the leng^ of the cylinder must be increased one half, besides doub- 
ling the area exposed in a given time. This will render the equation for the loss of tem- 
perature, (art. 156.) 

14(36/ + rf). (T ^t" ) ^ ^,„ 
dv 

With the proportions and temperatures of the example, (art. 167.) the loss by cooling is 
about Vr of the power, therefore it is not this species of loss which should prevent this 
simple kind of engine being qnployed for mines. 

If water be applied to keep the cylinder tight, the additional loss from converting this 
water into vapour will be considerable. Jf the mean temperature of this water, be 180", 
the effect of each foot of area will be to abstract, or to destroy a cubic foot of st^un per v 
minute, this being the quantity of evaporation from a foot of surface of water sustained at 
that temperature. Therefore in an engine working at the rate of 170 feet per minute, that 
is expending eighty-five cubic feet of steam of atmospheric density per minute, for each 
foot in *area of the cylinder the loss will be Vt ^i Vr of its power ; hence, adding this to 
the cooling effect, we have Vt + Vr = about tV*** of the power 

162. — In the common atmospheric engine where the injection is made within the cy- 
linder, the only person who had attempted to calculate the loss of force was Smeaton ; 
of which some account has been given by Mr. Farey, in Rees's Cyclopaedia. 

The mode of caknlation is not very clearly given, and it was formed at a time when the 
properties of heat were less known. . . 

163. — Cylinders are usually made of the same thickness, or so nearly so as to render 
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the variation not worthy of notice ; hence, we will assume them to be of the same thick- 
ness. The quantity of matter in them is cooled by the injection from 2I2<», to about 150^^ 
rarely lower, and in good engines not lower than 170^, or 180"; the mean 160" may be 
taken for the effect. The specific heat of iron is about 200 times ^hat of steam, and calcu- 
lating the mass of iron which must have its temperature raised from 100 to between 160 
and 212 degrees, by each cylinder full of steam, we have the quantity which that of the 
steam must be lowered. 

The surface of a cylinder is equal to its length, increased by half its diameter, multi- 
plied by its circumference ^ {I -h i d) dp; and the thickness, with an allowance equi- 
valent to the escape of he^t from the external surface, is one inch and a half = one-eighth 
of a foot ; and the mass of metal equivalent to the absorption of heat is 

8 ' 

its specific heat, allowing for the time the exposure is reduced by the exposed side of the 
cylinder decreasing, is equal to that of 

200(1^ d)dp 
16 

cubic feet of steam heated one d^ree; but the temperature will rise to the mean between 
the condensing and boiling points, or to 

or the addition of heat will be 26 degrees. The whole quantity of heat consumed will 
therefore be 

200 X 26 ( / + <^ ) <^ p. 
16 

This divided by the capacity of the cylinder, or 

4 «•*" Id ~ ' 

the loss it wonld 8i]staiii> in temperature, or . 

1300 jl + d) _^„ 

Id -'^ • 

« 

When the length of the cylinder is twice its diameter, or 2 rf = /the loss becomes 

12" = r-. 
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root of the diameter of the cylinder. When the diioneter d s six feet, the temperature of 
condensation t s 143*4; when d = three feet, the temperature of condensation should be 
179*6 ; and by using a table of logarithms the best temperature for condetisatioti for any 
other diameter may be easily found by the rule. 



Of the Ascent of Smoke in Chimnies 



Fig. 14. 



168. — If a bent tube, of uniform diameter, A C B, were continued to the surface of the 
atmosphere, the lowest point of the curve being at C, the centre of the aperture of a chim- 
ney, and the tube of the same size as a chimney, then the temperatures being equal at the 
same height in the two branches, the whole would be in equilibrio. But if a part, C D, be 
of a more elevated temperature than the corresponding part of the other branch of the 
tube, that air being of less density than cold air, the balance will be destroyed, and motion 
will take place, the moving force being the difference between the weights of the columns 
of air. Now a chimney may be considered part of a bent tube, for though in a chimney, 
the colunm of air is confined only as far as the short canal or tube of the chimney extends, 
the actual pressures which occur in the atmosphere afe equivalent to the pressures in the 
bent tube ; and must be measured in the same manner. 

169. — When C A is the height of a uniform at- 
mosphere, C D the height of the chimney, and D E 
the quantity the air expands by the heat it receives in 
passing through the fire, the height £ D, or F G its 
equal, represents the height of the column of air which 
produces the motion, and the velocity will be that a 
heavy body would acquire by falling through the 
height F G. If the whole of C A were empty, then 
A H, the height of the atmosphere, would be the height 
through which the body must fall. to acquire the velo- 
city with which the air would move into the tube, pro- 
vided it suffered no contraction at the entrance, but 
such a contraction is well known to take place in air 
as well as in water. 

170. — When this is applied to a chimney, the 
smoke being sometimes of a density different from com- 
mon air at the same pressure and temperature, the same 
excess of temperature will produce a greater or less 
effect in proportion as it is of less or greater density than common air. This will be found 
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by subtracting from the expansion, the specific gravity of the smoke or vapour ; that of air 
of the same temperature and pressure being unity. Or it may be doae by an allowance 
of a portion of the temperature for the difference of density ; either method gives the same 
result when properly calculated. In this case I intend to adopt the former method. The 
latter is followed in my book on Warming and Ventilating Buildings.* 

171. — ^Let h be the height in feet from the place where the flue enters to the top of 
the chimney, • ^ the bulk to which one foot of att* increases by the change of tempera* 
ture ; r; the velocity ; s the specific gravity of the smoke, air being 1 '; and a = the area of 
the chimney in inches. 

Then A = C D, and the expansion being as the height in feet, A (t - 1) = D E = F G. But 
the velocity is that which a heavy body would acquire by falling the height F G; hence, 

t; = 8 V F G ;= 8 ^ A ( f - *. ) When F G is equal to B H, the line A B representing 

the upper line of a uniform atmosphere, it becomes v = 8 v B H; and in all other 
cases it is as the difference, DC — CE = ED, when E C is reduced to the same den* 
sity as B H. 

If B be the volume of air before it be heated, then in its heated state it is B t; 
therefore, 



V a 
"144 



8 a 

Til 



v'A(i — f) =r Bi; — or 



8 a 
144 1 



VA(i-0 = B; 



also 



B I 



144 



/ 



1 



A (•-#)* 

The expansion t may be found from the table, (Sect. XI.) 
But the bulk of a gaseous body at the temperature f is 

459 + <' 



459 + t 



= •, 



* The principles of calculation followed, both in this and in tb? work referred to, are perfectly identical with 
these employed by Mr. Gilbert, in an excellent paper on the subject in the Quarterly Journal of Science, Vol. XIII. 
p. lis. but the notation and methods of managing the processes are different ; and Mr. Gilbert*s mode of calculat- 
ing the expansion does not afford quite satlsikctory results ; besides, he makes no allowances for the contractions 
and loss of force in curviliniBar motion. I mention the eireiimstanee, because some people compare and criticise, 
andrimagine those things to be diffisrent which are in reaUty identical, as may easily be shewn by putting both in 
the same notation, and reducing by the rules of algebra. The great object of a practical analyst is to render the final 
equation as easy of application as possible. As to those who question principles, it is rather unfortunate for them 
to question those established principles of pneumatics whieh are confirmed by experiment. It is only when theory 
and experiment do not agree that the principles can be called in question. 
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when the bulk at the temperature t is one ; hence, 

469 + <' 



— « as f — «• 



4.^9 + t 
Substituting this expression for t in the equation, we have 

Bi ^ B ( 459 + <- ) ^ (469 -f O _ « 

8 ^ A ( i — f ) 8 (46^"+ / ) ^ A(^ — <«-469(f - 1 )) 744' 

172L— The divisor, 8, should be changed according to the species of aperture, 
(see art. 133.) but that which generally applies is 5 ; and t will be the mean tempera- 
ture of 52^ ; and in this case B being the quantity per hour, 

B (469 + <") 1 

5x9-4x60 ^ v'^C*'- 52*— 469 («— 1 ) ) "* *- 

For coal smoke s = 1*05, and the formula 

B ( 469 + r ) 



28-20 ^h(r—32) 



For low pressure steam 



B 

= a. 



66 ^ A 



the area in square inches. 

The application of the formula, with some simple rules derived from it for engines of dif- 
ferent powers, will be given with the proportions of fire places : the investigation being 
given here to separate in some measure scientific inquiry from practical details. 



OJ'tke Escape of Steam at Safety Vahes. 

173.«<This is a subject which has been little studied. If we suppose the steam to be 
of the same density as atmospheric anr, its elastic force is twice as great, and it would rush 
into the atmosphere with the same velocity that atmospheric air rushes into a vacuum. 
Also, in any case, whether. the elastic force of th^ steam be greater or less than this, if n 
be the number of times its specific gravity exceeds that of atmospheric steam, when that of 

air at the same pressure is 1, we shall have 8 ^( n — 1) Jk s v, when h is the height of a 
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uniform atmosphere of air. A uniform atmosphere equivalent to thirty inches of mer* 

cury, is 28,000 feet ; hence, 1340 ^ » — 1 = r. • 

174. — In certain cases this will be aided by the buoyancy of the escaping steam, and 
in very dense steam it may be slightly retarded by the same cause, but these effects are 
not so great as to need to be introduced in the calculation. They may, however, be sensi* 
bly observed by turning the aperture up or down, a light fluid escaping with the greatest 
velocity when the aperture is turned up, a heavy one wlien it is downwards. 

175. — Let a be the area of the aperture in inches; then, reducing the velocity for the 

contraction in passing the aperture, we have 300 a ^ it — 1 = the quantity of steam escap* 
ing per minute in cubic feet ; n being the number of times the density is greater than 
that of atmospheric steam : or making c = the number of cubic feet of steam generated in 
an hour, then 



10 » ^n—l 






the area in inches. 

This quantity should obviously be the greatest which the fire could, under any possible 
circumstances, produce.* 

When n is less than 1, or the density less than the density of atmospheric steam, that 
is, steam at 212® and thirty inches pressure, the equation becomes negative, and steam rises 
only by the difference between this negative quantity and the buoyancy ; leading us to the 
beautiful theory of evaporation. 

An equivalent rule is given in my book on Warming and Ventilating, but though it* is 
from the same principles, it was not so directly nor so generally derived.* 



* Treatise ori MTarmiDg, &c. p. 148. 



SECTION III. 



OF THE GENERATION AND CONDENSATION OF STEAM, 
AND THE APPARATUS FOR THOSE PURPOSES. 

Art. 176. — StEAM is generated by the application of heat, and it is condensed by cold, 
(art 71.) and we have now to consider the best sources for obtaining the beat for its gene- 
ration with economy, and the means of applying it, so as to obtain the most efiect. Our 
section therefore naturally divides into an inquiry concerning combustioa and ftiel ; the 
effect of and application of fuel ; the structure of boilers, and fire places ; the principles of 
condensation, and the apparatus. 



Olf Combustion and Cofkbustibles. 

177.— There are various substances which, when heated to a certain temperatui^ de- 
pending on their nature, begin to give- out heat, and continue to do so till the whole of the 
substance be completely changed into new products, most of them gaseous, which in ordi- 
nary cases are dissipated in the atmosphere. A substance which undergoes this change is 
termed a combustibk^ or burning body, and if it be commonly used for producing heat, it is 
called yve/. 

178. — ^The quantity of heat given out during combustion is the difference between 
that which the matter operated upon contained before, and that which it contains after 
combustion. This is an invariable quantity when the same quantity of matter is operated 
upon, and proportional simply to the quantity of fuel used ; unless indeed the process be 
imperfectly managed, or that we could render the products of such a nature, that they 
would contain a less quantity of heat than those usually produced. The latter would 
perhaps be a fruitless research, but chemistry is making rapid advances in the means of 
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fally efitablishlng this point. . It is, however, of the utmost importance, since the applica- 
tion of steam to navigation, to determine the effect of the mixture of combustible bodies, 
both with a view to fix on those which contain most heat to a g^ven quantity of matter, 
and to render the products of less capacity for heat so as to gain the greatest effect ; using 
capacity to signify the whole heat these, products contain, as defined (art. 69.) 

179. — ^There is no- question tfiat a solid contains less heat than the same substance 
when liquid, and the substance in the liquid less than in the gaseous state ; provided it 
remain the same chemical compound. But if to a solid, which is a mixture of different sim* 
pie substances, heat of a certain degree of intensity be applied, the parts of the mixture act 
on each other, and gaseous products are obtained which contain less heat than the mix- 
ture. This is the case with gunpowder, which is a mixture of charcoal, nitre, and sul- 
phur; and it seems necessary in this species of combustion that one of the substances 
composing the mixture should be easily fusible. It is a completely mistaken notion to 
imagine that the presence of any particular substance is essential to combustion ; for it 
must take place in any mixture of bodies Which act chemically on one another at a certain 
temperature, so as to form new products containing less heat than the ones mixed. 

180. — ^That which takes place in a mixture of bodies will also take place if either a 
simple body or a chemical compound be exposed to the action of another body, with 
which it always fiirms a new chemical combination if they be brought in contact at a 
high temperature. Thus charcoal, heated to about 700*, in contact with oxygen burns; 
and the new product formed is carbonic acid gas ; consisting of the charcoal united to 
oxygen. At about SOO"", charcoal abstracts the oxygen freely from the atmospheric^ air, 
and therefore bums. Now as the oxygen gas changes neither its volume, nor its elastic 
force, it may be inferred that the whole of the heat contained in the charcoal is liberated, 
besides some portion of that previously in the oxygen. 

181. — It is important in this inquiry to know in what state the elements of bodies 
exist, because this must greatly affect the quantity of heat. If hydrogen in solid com- 
pounds be itself in its solid state, then it ought to give out less heat than gaseous hydro- 
gen. But I am of opinion that hydrogen, carbon, and other permanent gases, exist in 
combination in the state of highly compressed gases, and not in their solid state. The ex- 
periments I have to compare on combustion will be found to support this opinion ; render- 
ing it tolerably certain, that in the range of temperature we can command, these element- 
ary bodies are never even in the liquid state in combination ; and we are thus freed from 
what I had regarded as the greatest difficulty in rendering the theory of combustion ap- 
plicable to useful objects.* That this theory has been so neglected, since Count Rumford 



* It has been assumed. by the few who have considered this subject, that the combination of oxygen and hydrogen.de- 
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paid attentioii to it, is wonderfiil considering that it becomeB. every day more important. It 
is universally admitted, that steam navigation londly calls for some inquiry. The im* 
mense weight of a supply of ordinary fuc4 renders long voyages nearly impracticable ; 
and white the possibility of making fuel more effective, or of selecting one fuel more efiee- 
tive than another, remains probable, it is worthy of inquiry. 

182. — ^Tbe first and most difficult point is, to determine the heat afforded when two 
simple or elementary bodies unite and form a compound body ; but when the heat is de- 
termined for each of the binary combinations, that afforded by any other combinations of 
them may be calculated. 

183. — The measure of the effect of a combustible is, the number of degrees the heat 
developed in its combustion will raise the temperature of the same weight of water. Or 
the weight of water that would be heated one degree, the weight of the substance being 
unity. 

184. — ^The heat afforded by carbon when it Combines with oxygen is variously stated, 
and the results are in some measure dependant on the method employed for taking the 
quantity of heat, and in others the difference is owing to the quality of the charcoal.* 
It combines with two-thirds of its weight of oxygen. 

According to Dr. Crawford 1 lb. of carbon raises 10369 lbs. of water 1 degree. 

Lavoisier ..... 13370 

Count Rumford - - - 9720 

Clement and Desormes . 13300 

Hassenfratz .... 12880 

Dalton 6600 



6)65239 
Mean. 10873 

The greatest discrepancy is in Dalton's experiments, which it appears was owing to the 
method he employed ; and in taking 10800 lbs. of water raised one d^^ree as the measum 
of the effect of carbon we shall be nearly correct. , ^ 

185. — ^The heat afforded by hydrogen when it combines with oxygen is also differ- 



veloped the lame qnaatity of heat whether the hydrogen was in a gaseoui, a liquid, or a Mlid compound ; but this ceild 
not happen if in a solid compound the hydrogen were united particle to particle ; and hence, 1 conclude it exists only as 
a highly compressed gas in solids containing it, for it appears that it does afford the same quantity of heat in all 
states. 

• Phil. Mag. Vol. XLI. p. 395 ; Thomson's System of Chemistry, Vol. I. p. 148. 
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ently stated. It combing Y^ith eight times its weight of oxygen, and according to the 
experiments of 

Dr. Crawford .... 67200 
Lavoisier .... 41440 
Dalton • 44800 



3)153440 



Mean. 51146 lbs. of 



water is raised one degree by one pound of hydrogen. 

The number 50,000 represents the mean effect of hydrogen very nearly, and as far as we 
have compared it with other experience seems to be about the true effect. 
186. — By the experiments of 

Lavoisier one lb. of phosphorus combining with oxygen, 

raises .............. 15400 lbs. of water 1*. 

Daltou 8400 — — 



2)23800 



Mean. 11,900 



Sulphur combining with oxygen, according to Dalton, heats 2800 times its weight 
of water one degree. 

187. — From these we may proceed to compare the several compound bodies on 
which experiments have been made ; and also to shew the proportions of oxygen they 
consume. The first column of the following 4able contains the name of the substance and 
the author of the analysis ; the second colunm its composition in decimal parts of its weight ; 
the third shews the quantity of oxygen each of its ccmiponents requires, and the sum, 
or that required for the substance ; the fourth column shews the heat each component 
affords, and their sum is the whole the substance yields ; the fifth and last column contains 
the whole heat affi>rded by the substance by experiment. 
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HtBM. 


tible portion. 


Weighl of oxy. 
gan lo .upporl 
umbiution, the 
weight of the 

■Dg unity. 


Number of pounds weight of natei 
healed l» by one pound of the 


GASES. 
Cjibureted hydrogen 

01efianig», 
Cwbonic orids 


/ Hydiogtn -25 
t Cirbon -76 

J Hydrogen J 
i Carbon ? 

Cubon '43 


2- 

2- 

«■ 

1-U 
2-3 

3-44 
■S7 


By calculation. 

I250O 
8100 

20fi00 

7143 
92S7 

16400 
4744 


11900 Di. 

12300 Da. 
3SO0 Da. 


LIQUIDS. 

AlcohQl, ipecilic giiTiij -813 
Ure-. malyii. 

.Sulphuric olher, ipe. gra». -7 
Vie\ anilpis 

Vn't ■ulyiOi 

Ntpiha 
Uie'i amlj-su 


( Hydrogen -ITU 
i Cvbon •4T8S 

/ HydiogBH -133 
I Carbon -696 

f Hydrogen -0962 
I CuboP -836 

( Hydrogen •133 
i Ctibon -88 


■88 
1-27 

2-25 

1-Ofi 
1-59 

2.65 

•77 
2-2. 

2-97 

•9S 
3-23 

3-ao 


6130 

5167 

11267 

eeso 

6437 
13087 

4810 
8910 

13720 

6150 
8964 

15114 


( 8120 Da. 
illlSO Ru. 

. 8680 Da. 
I 14454 Ru. 

8400 D.. 
13200 Ru. 
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Table caiUimted. 



Names. 


Composition 


of, &€• 


Weight of, £cc. 


Number of pounds weight of, &c. 




• 






By calculation. 


By experiment 


Olive oil 


t HydrogeQ 
i Carbon 


•1336 
•772 


. 1-07 
2-06 


6680 
8337 


^20720 La. 








3.13 


15017 


J 12460 Cr. 

\ 16300 Ru. 

1 14560 Da. 


Rape oil» or oil of colza 








■ 


16750 Ru. 


SOUDS. 








^ 




Bees' wax, yellow 


f Hydrogen 
^ Carbon 


•1137 
•8069 


•91 
2^15 


5685 
8710 






V 




3^06 


14395 

, 


c 18620 La. 
\ 13580 Cr. 


Bees' wax, white 




1 






( 17673 Ru. 
( 14560 Da. 


Tallow 










C 15064 Ru. 
] 14560 Da, 


Oak wood, dry &t pure woody fibre 


t Hydrogen 
1 Carbon 


•0669 


•455 


2845 




Gay Lussac & Thenard's expts. 


•5253 


1^4 


5673 


\ 








1^855 


8518 




Oak wood 


Allowing 20 per cent for \ 
water, mucilage, &c. ) 


W84 


6825 


5662 Ru. 


Caking coal from Newcastle 
Thomson's analysis 

* 

Cherry coal from Glasgow 
Thomson's anal} sis 


( Hydrogen 
\ Carbon 

i Hydrogen 
\ Carbon 


•0416 
7616 

•100 
•666 


•334 
2^000 

2^334 

•6 
1^78 


2080 
8100 

10180 


C 9230 Black 
( 8675 Watt 


5000 
7192 




^ 




2^58 


12192 
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Table eomtimted* 



1 

N&mei. 


Compotition of, &c« 


Weight of, &c. 


Number of pounds weight of, dec 






■ 


By calculation* 


By experiment.* 


Splint coal from Glasgow 


i Hydrogen -044 
I Carbon -568 


•35 


2200 




Thomson's analysis 


1-52 


6134 






• 


1-87 


8334 




Splint coal, earthy matters not 


( Hydrogen 043 
^ Carbon •IQQ 


•345 


2150 




sUted 
lire's analysis 


1^89 


7657 








2.235 


9807 






AlUnringlOpercentfor ^ 
ashes ) 


• 


8826 




Cannel coal from near Coventry 


£ Hydrogen *2 
1 Carbon •026 


1-6 


10000 


Thomson's analysis 


1«67 


6760 






3-27 


16760 




Cannel coal from Woodhall near 
Glasgow 
Ure's analysis 


( Hydrogen -0388 
1 -Carbon *722 


•315 
1^93 

2*245 


1965 
7799 

9764 




- 


Allowing 10 per cent lor ^ 
ashes S 




8788 




Charred peat ^ 
Klaproth's analysis 5 


Carbon •526 


W 


5670 




Coke spared in a clote nneX ^ 
MeM.ofDr.ThomM>n*texp. 5 


Ciibon *84 


42-27 


9070 


9128K 



* The experiments marked Da were made by Dalton, Ru« Ramford, and Cr. Crawford. The analyses of the sub- 
stances are referred to their aathors ; Dr.Ure*8 will be found in his Chemkal Dictionary, and Dr. Thomson's in his Annals 
of PhikMophy. 

t This it the result ooUectod firom a comparison of Lamntr't eiperioMiits. Treatise on Warming Buildings, art. 31. 
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lg8«^.Tlie8e are the residtg. as 6r a» Ih'er JailMt reaearcbra in chemistry enable ns tp 
carry the comparisen; it..is.aafficien(t fo $h£1t^ that the oorr^spomlenoe is'>ery'clbse, atid 
that the nliiiibers we have aeleoled tforithe binary; compounds ;are r^rf^ naER'Iy the true ofteij. 
It will be particularly remarked that in wax, oil, and those substances which are likely to 
afford the most accurate results, theory and experiment agree. 

There is, however, still another mode of prosecuting our inquiries, and perhaps with 
equally satisfactory results. 

189. — ^In gas works, from the quantity of gas and coke afforded by a giwen quantity 
of coal, or other nuUt^r, we have an approximate means of measuring its effect as fuel, but 
from the want of a correct knowledge of the density of the gas, in each case, we are obliged 
to assume it to be the same as carbureted hydrogen. 



Kind of fuel. 


Composition. 


Oxygen. 


Heat. 


Wigan cannel coal* 
Staffordshire coal, inferiort 

Peat. Klapioth's analysis^ 


r ^134 gas 
\ ^635 coke 

c •123 gas 
i ^ei coke 

C 100 gas 

C '200 carbon 


0-54 
1*45 

1-99 

•49 
1-39 

1-88 

" *4, 

' %35 

•935 

■ 


2750 
5759 

8509 

2460 
5534 

7994 

« 

2060 
2160 

4220 



190. — When any of these species of fuel are used for generating steam, there must be 
a loss of effect equivalent to the quantity of vapour formed from the hydrogen, and from 
the water in the fuel ; one pound of hydrogen will form nine pounds of steam, and in 



• Mttidoch. PkU. Trans. 180B. 
t PhU. Mag. Vol. XVII, p. 312. 



t Art. Gas Lights, Napier's Sapp, to Ency. Brit. 
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practice the low of effect will be one-fifth of the power of the hydrogen. This proportion 
being deducted from the whole effect, and also 1170 for each pound of water the fud con- 
.tained, we have the following for the power of the most important species of fuel.* 



Species of fuel. 


Effect in pounds of 

NMrater heated one 

degree bv one lb. 

of fuel. 


Bffect in pounds of 
water converted in- 
to steam of 220o. 


Quantity to con- 

vert a cubic foot 

of water into 

low pressure 

steam. 


Quantity to convert 
a cubic foot of wa- 

lowing 10 per cent 
for loss. 


Olive oil 


13700 lbs. 


11*7 lbs. 


5*3 lbs. 


5-89 lbs. 


Caking coal 


9800 — 


84 — 


7-45 — 


8-22 — 


Coke prepared in close vessels 


9000 — 


n — 


81 — 


9-00 — 


Splint coal 


7900 — 


6 75 — 


9'25 — 


10*28 — 


StafTordshire coal 


7500 — 


6*4 — 


9-75 — 


10-83 — 


Oak wood, dry 


6000 — 


5«13 — 


12-2 — 


13-6 — 


Charred peat, charred in close vessels 


5670 — 


4-85 — 


12-9 — 


14-3 — 


Peat compact and dry 


3900 — 


3-35 — 


187 — 


208 — 


Ordinary oak 


3600 — 


307 — 


20-31- 


22-6 — 


Peat compact in the ordinary state of dryness 


3250 ~ 


2-8 — 


22-5 — 


250 — 



These quantities, derived entirely from theoretical considerations, are so near to the ac^ 
tual effects obtained in practice, that they shew us we have little to expect in the form of 
improvement ; and with the addition of one-tenth for various causesi tending to decrease 
the effect, they may be adopted as the measure of effect in those computations we have to 
make ; and the table affords an easy means of comparing the expense of different kinds of 
fuel. 

191. — ^The trials of the quantity of steam a given quantity of fuel will produce, are 
by no means so numerous as might be expected by those who Icnow not the difficulty of 
ascertaining the results with precision. People shrink from the task of making accurate 
trials, either in consequence of the great degree of attention and labour they require, or the 



• The latent heat of steam is 1000 (art. 82.) the temperature of low pressure steam is 220«» and the mean temperature 
of the air being about 52» we have 1000 + 220 — 52 ■■ 1170 nearly ; hence dividing the effect in pounds of water 
heated 1* by 1170 we have the pounds of water that would be converted into steam, and by proportion, the (^uantttj 
which coarerts 62*5]pounds of wat« or a cubic foot into iteam. 
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expense. The adoplion of melhods arisiiig out of a competent, knowledge of the subject 
reduces both these in a considerable proportion. The following brief colleetion may 
however be useful. ^ 



Newcastle or Swansea coal according to Ms, Watt, from 

To 
Mean 



Kinds of fuel. 



Newcastle coal according to Dr. Black 
Newcastle coal Wall's End, by my trials 
Wednesbury coal according to Mr. Watt. 



Pine wood (dry) Count Rumford's eiperiments 

* 

Oak wood (dry) ■ 

Peat, compact, from Dartmoor in tbe ordinary state 

dryness^ by my trials 
Culm (Glasgow) « 
Culm (WeUb) 



Effett in pounds of 
water heated I* byjoonverted 
one pound of fuel 



From 

To 

Mean 



-} 



6950 lbs. 

10400 — 
8675 — 
9230 — 

10050 — 
5200 — 
7800 — 
6900 — 
3618 — 
5662 — 

2400 — 

3330 — 
4175 — 



Law pressure steam of 220* from 52f . 



Pounds of water 
into steam 
by one pound of fuel. 



. 5-93 lbs. 
8*9 — 
7-4 — 
7.9 — 

8-6 — 
4*45 — 
6-68 — 
5*56 — 
31 — 
4*85 — 

2*05 — 

• 2*85 — 
3-56 — 



Pounds of fuel to 
form a cubic ioot of 

water into steam. 



10*5 lbs. 

7-0 — 

8-75 — 

7-9 — 

7-25 — 

14-0 — 

9-34 — 

11-67 — 

20 02 — 

12-9 — 

30-5 — 

220 — 

17'5 — 



Sleek, or refuse small coal, produces about three-fourths of the eflfect of good coal of the 
same species. 

We have hitherto considered effect only when fuel gives the whole, or nearly the 
whole, of its heat, Hut a certain rate of combustion and perfect management are requisite to 
obtain this end. 



Proceis of Combustion. 

192. — ^The elementary bodies require very different degrees of heat to cause them to 
form new combinations. Sir H. Davy has rendered it probable that charcoal and oxygen 
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combine at about 700°, when cotumon air is not present ; and liydrogen aail oxygen at 
about 800°. But when the oxygen is afforded by tlie common air, about 800° for carbon, • 
and QSO'" for hydrogen, seems to be nearer the temperatures at which they inflame readily ; 
and when the fuel affords incombustible gasea, tbc intensity will still require to be in- 
creased. Hence, we need not be surprised to find, in the common mode of applying heat, 
that except in as far as it increases ihe draught through the fire, it is of little or no ad- 
vantage for a fuel to contain a large proportion of hydrogen. On the other hand, if the 
intensity of the heat be too great, the earthy parts of the fuel combine with some portion of 
the carbon and fuse, fonning the glassy scoriie called clinkers, by which some comhustibfe 
matter is lost. We may expect this effect to take place in a considerable degree when- 
ever the heat approaches to about 1500^, and therefore infer that an average beat not 
exceeding about 1200" is the best for the production of effect. 

The circumstances which must be attended to, that the fuel and its products may remain 
in this temperature till they be consumed, are next to be considered. 

193. — First. A quantity of air sufficient to supply the oxygen required fur com- 
bustion, must have as free access as possible to all the parts of the burning mass, and with 
as little exposure of the surface of the mass to the cooling effect of other air as the draught 
of the chimney will allow, 

194. — Secondly. The quantity or mass of fuel iu combustion must be of such a propor- 
tion to the quantity and temperature of the surface to which it communicates beat, that it 
can only lose as much heat as it generates when it arrives at the best temperature for 
combustion ; allowing for the cooling effect of the surface acted on by the air required in 
the process, 

195. — Thirdly. The flame and smoke must be kept in contact with the vessel as long 
as it is capable of affording heat. 

196. — Fourthly. The fluid to be evaporated should enter so as first to receive the 
heat where the smoke last acts on the fluid, so that there may be the greatest possible dif- ■ 
ference of temperature between the smoke and the fluid ; and, consequently, that the fluid 
may deprive the smoke of beat, as it becomes gradually heated to the temperature of the 
vapour before it arrives over the fire. 



Supply of Air and Area of Fire Graliiif/. 

197. — The most eflective method of supplying fuel regularly with air, that has yet 
been tried, is that of burning it on a grate placed over a pit to receive the ashes. 

■ Dr. Thomua >aji about 1000* fn>m hiiowo eiperimcav. S<r9t«m of Cbemistiy, Vol. I. p- 324. 
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And in examiniiig* this subject n^e' have first* t6 ihquire^itrt'qtiaiitity of airtiiustp^iss 
through the fire" for the combustion of «ach species of fuel. It has beetf i^hewn'that the 
different species of fuel require different quantiti^ of oxygen. • For the difliBrelit klndis 6{ 
coal it varies from 1*87 to 3 lbs. f6r ^ch poutid of coal, and twehne cubic feet of oxygen weigh 
one pound; also to obtain one pound of oxygen* five pounds of air must pass through the 
fire ; consequently, sixty cubic feet of air will be necessary to afford one pound of oxygen. 
But it is not possible to render the whole of the air effective ; part of it will escape un- 
changed by combustion, and the allowanoe I have usually made is that only two-thirds -k 
effective ; therefore, we require ninety cubic feet of air for each pound of oxygen, and 
the product when carbon alone is consumed is carbonic acid, and the specific gravity of 
the air after thus changed by combustion will be 1*05. But a fuel sometimes contains 
hydrogen, and in that case the oxygen and hydrogen form steam of double the volume of 
the oxygen ; and the bullc of the mixture of air and vapour will be 1031 feet for each pound of 
oxygen combining with hydrogen, and its specific gravity will be 0*9. The last column is 
computed from the numbers given in the last column of the preceding table, (art. 190.) 



Kind of fuel. 



Caking coal 
Cherry coal 
Splint coal 
Cannel coal 
Coke 
Ordinary wood 



Air and smoke for 
each pound. 



214 
242 
172 
315 
216 
173 



Specific graTity 
of smoke. 



1-03 
1*00 
1*02 
1*01 
1*05 
090 



Air and smoke for one cu- 
bic foot' of water converted 
into low pressure steam. 



1780 cubic feet. 



1 



1780 

1950 
3900 



It appears therefore that we may state the quantity of air .and smoke in round numbers, 
for coal and coke, at 2000 cubic feet, for each cubic foot of water converted into steam, 
and, for wood, at 4000 cubic feet. 

198. — The grate must be sufiicient to admit the air required for combustion in the 
state of expansiondtietd'the tempel*anif«Vf fheburtaing ftreh^'iind'it^ is moved through 
the fire by the joint efiTect of the draught of the chimney and the ash pit; hence, as deep 
an ash pit below as possible sliould be procured, the ash pit narrowing to a uniform 
breadth, the same width ds the grate befbre it arHvlss at the fire, the object being to in- 

R 
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crease tbe action of the fire without hasteniug the smoke too rapidly aloDg the flues. By 
means of the formula (in art. 172.) we easily compute the area of the spaces between the 
grating under these circumstances. For coals, the quantity for generating the steam of 
a cubic foot of water is 2000 cubic feet, the tenjiperature not less than 800», and the height 
producing the motion h feet* Consequently, 

70 

the area of the spaces ; and the bars being usually equal in thickness to the space between 

them, we have 

> 

140 
the area of the grating for coals in inches; or 



the area in feet. But to generate it effectively, double that area should be applied for the 
steam of a cubic foot of water per hour, or for one horse's power, = 

2 

When the height from the ash pit, to where the smoke enters the chimney, is four feet, 
then the area is one foot ; and one foot of area of grate for each horse power is the com* 
mon rule of practical engineers. 

The proportion of aperture to the solid part of the bar is not always the same, but it 
ought to be about in the proportion above stated, as air expands to nearly 2 i times in bulk 
while in the fire. 

199. — ^For burning wood and peat the area of the grate must be 

4 

for each cubic foot of water converted into steam ; when h is the depth of the ash pit 
- in -feet ; the increased area being gained by increasing the size of the bars. 



Of the Surface qf Sailer to receive the Effect of the Fbre. 

200w — The surface of boiler to produce a given effect must be equivalent to receive 
the heat which will produce the supply of steani ; and as fire, o^ bottom, surface is the 
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most effectual, that kind of surface should be of sufficient area to receive the whole effect 
of the fire ; while the flue surface, or sides, may receive the effect of the smoke. Hence, 
we have an easy mode of determining the proportions. 

The mean heat of a close fire place may be considered T ; and if t be the temperature 
of the steam, and s the bottom surface, then the heat of conversion of water to steam being 
lOQO, added to its temperature less fifty-two degrees, we have, from an experiment made 
by Professor Leslie*, 'SSS * ( T — f ) = 948 + I, when one cubic foot of water is to be 
converted into steam in an hour ; or 

_ 948 + <. . 

* "" -828 ( T - o' 

201. — When a mass of fuel is in combustion in a close fire place, we have shewn that 
it is not desirable for its temperature to exceed 1200^, (art. 192.) Now the surface of the 
boiler must be at some distance from the fuel, to allow it to develope flame, and therefore 
the heat having a larger surface to act upon its intensity is less, but at a mean ought not 
to be less than about 800*, for coal ; consequently, we may insert 800 for T. For low pres- 
sure steam t = 226p, hence, 

948 -f 225 .^ . , 

. ' = '828(800-225) = ^'^ ^^^^' °"^'y- 

For steam of 300^, the force of which is about forty pounds per circular inch above the 
pressure of the atmosphere, we have 

,=:_?lL±i?? = 3.14feet. 

•828 ( 800 - 300 ) 

These examples will be sufficient to shew the increased quantity of surface required for 
high pressure steam, and we may now proceed to estimate the quantity of side flue. 

202. — At an average for coal, 2000 cubic feet of gaseous matter, heated to 800", is ge- 
nerated, and required for combustion to produce the above effect; and the specific heat of 
air being 00032, its effect will be equivalent to beating a cubic foot of water *00032 x 
2000 X ( 800 — f ) S3 •64 ( 800 — I ). Now it will be sufficiently accurate for our pur- 
pose to consider the effective excess of temperature to be a little less than the mean be- 
tween 800 and t ; consequently, 

•828 »' (800 — n 



25 



•64 ( 800 — O ; or »' =s 1-94 feet 



203. — Comparing -64 ( 800 — < ) with 948 + I, we find that the whole energy of the 
aiAe of flues will amount only to about one-fourth of the effect of the bottom ones; we 

..■'■■. 

* Inqntry into tbe Nvtore o^ Heat. Ezperiment 51 and 62. 
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may therefore reduce the fire sur&oe found by the rule <me-fodrth for each cubic foot of 
water evaporated per hour. The rule will then become 

3 ( 948 4- O _ 948 -h < 
* 4 X -828 (800 - t ) '^M ('800- t )' 

204-— But in a -steam engine boiler, this* would barely keep the boiler soppKed, 
whereas it is shewn that there should be a capability of supplying steam with double the 
rapidity actually required, otherwise the pressure on the piston will be less, and the effect 
less in the same ratio, (see art. 331 — 339 ;) according therefore to this condition the pro- 
portion of bottom should be 

•: 2(946 + _ 
(>600 -^ O ■" ** 

The side flue constantly 3 x 1*94 = 3*86 which may be called four feet. 



Common or low pressure 




Bottom of boiler 


4-1 


steam, temperature 225o 




Side of boiler flue 


4' 


2 Atmospheres, tempera- 
ture 250o 


■ 


Bottom 
Side 


4*36 
4 


3 Atmospheres, tempera- 
ture 275» 




Bottom 
Side 


4-6 

4 


4 Atmospheres, tempera- . 
tuie 293* 


■ 


Bottom 
Side 


4-9 

4 


5 Atmospheres, tempera- 
ture 308* 




Bottom 
Side 


6'1 
4 


8 Atmospheres, tempera- 
ture 343* 




Bottom 
Side 


5^ 

4 


Por sea^^ateTj and law 


pressure in' 


Temperature 230«, H re- 


{ 


Bottom of boiler 


4*14 


quires 


Side of do 


4H) 



For convertiDg'one cubic foot of water 
per hour into steam. 



} 
} 
} 

} 



} 



One cubic foot of water per hour into 
steam. 



205.^ — In comparing these with the usual rules, the sum of the bottom and sides must 
be taken ; and it may be remarked that one cubic foot of steam per hour is so nearly equi- 
valent to the horse power used in steam engine calculationSi for the larger kinds of engines, 
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that they may be considered the same hi these comparisons. *AIso a bushel of New- 
castle coals may be considered equivalent to ten cubic feet of water converted into 
steam. 

Smeaton, with his wonted care, prepared a table shewing the surface of boiler required 
to be exposed to the effect of the fire and smoke for atmospheric engines, and the quantity 
of coals to be consumed per hour. His quantity of surface for one bushel per hour is 
eighty-eight feet, and for thirteen bushels per hour not quite eighty-two feet of surface 
per bushel.^ This is equivalent to 8*2 feet of surface for converting one cubic foot of 
water into steam per hour. Our deduction, from calculation, is 8*1 feet for low pressure 
steam. 

Mr. Watt says he ^^ finds that, with the most judiciously constructed furnace, it requires 
eight feet of surface of the boiler to be exposed to the action of the fire and flame to boil 
off a cubic foot of water in an hour ft which is only the rule of Smeaton in general 
terms. 

206. — The proportion of the bottom surface, or that within the immediate effect of the 
fire and flame, seems to have been subjected to no fixed rule; the proportions used in prac^ 
tice vary from three to five feet of bottom surface for each cubic foot of water boiled off 
per hour. Mr. Millington seems to have first indicated the use of measuring the power of 
a boiler by its bottom surface ; and gives as examples, that a boiler for twenfy horse power 
is usually fifteen feet long and six wide, having ninety feet of surface, or four feet and a 
half to one horse power : a boiler for a fourteen horse power, -sixty feet of surface = 4*3 
feet to one horse power.J I have observed boilers to be incapable of supplying the pro- 
posed quantity of steam when they had less than four feet ; and that those were effective 
which have the proportion assigned by the rule above, provided they also had a proper 
quantity of flue surface. 

207. — In regard to high pressure steam, some interesting trials were made by Mr. 
Wood)§ with steam carriage engines, which shew the disadvantage of attempting to form 
steam by intensity of heat instead of quantity of surface. 

The first was with a steam carriage boiler eight feet in length, and three feet nine inches 
in diameter, with a tube twenty inches diameter, passing through its length, which contains 
the grate for the fuel from whence the smoke passes along to an upright tube ai the end, 
serving as a chimney ; the pressure of the steam in the boiler was Ihnited to fifly pounds 
per square inch above the atmosphere. 

The whole surface of the tube forming the fire place and flue would be only forty feet ; 



* R«et'i Cyclopedia, art. Steam.Engine. 
t Epitome of Natural t^hilosophy, p. 266. 



t Robison's Mechan. Phil. VcL II. p. 147. 
§ Treatise on Rail Roadi. p. 249. ^ 
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and it was the same in all the trials, but of this not more than two-thirds or twenty-seven 
feet could be effective as fire surface. 

208.— 



Time of ezperi- 
ment. 



9 hrE« 35 min. 
9 — 27 — 
* — 48 — 



Coals consumed per 
hour. 



264 lbs. 
268 — 
323 — 



Wo*-- K^:uj ..^r,^,. Pounds of fuel to 
Water boiled off per j^^ ^^ ^ ^^^ ^^^ 

'*°'''- of water. 



15-5 
15-1 
15-8 



17 lbs. 
17-6 — 
20*5 — 



Surface of boiler to 
each cubic foot 



1-74 
1-79 
1-71 



The mean intensity of the fire must have been equal to 1200** , to produce this effect; 
and the fuel consumed is somewhat more than double the quantity which ought to have 
generated the same quantity of steam. 

209. — In another trial the length of boiler was nine feet two inches, its diameter four 
feet, and the diameter of the tube twenty-two inches, and the force of the steam limited to 
the excess of fifty pounds per square inch. In this case the whole surface of the tube in 
contact with the water of tlie boiler could not exceed fifty-two feet ; and two-thirds of 
this being taken as effective, we have thirty-five feet for the surface. 



Tmie of experi- 
ment. 



6 hrs. 32 min. 
1 — 26i — 



Coals consumed per 
hour. 



230 lbs. 
410 ^ . 



Water boiled off per 
hour. 



12-2 feet 
23 — 



Pounds of coal to 

boil off a cubic foot 

of water. 



18-8 lbs. 
17-8 — 



Surface to a cubic 

foot of water per 

hour. 



2-87 feet 
1-52 — 



The difference in the results in these trials is chiefly owing to a difference in the density 
of the steam in the boiler, its state not having been ascertained ; and though it might be 
done in an indirect manner from the number of sjtrokes per minute and the resistance, it 
would not be accurate enough to furnish us with any useful conclusions. 
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Of the Space for Steam^ and Water in Bailers. 

210. — A boiler must obviously contain as much steam as will supply the engine at 
each stroke without any material decrease in its elastic force ; and the space will therefore 
depend on the manner the steam is to be supplied. If it be admitted to the engine only 
during part of the time of the piston's descent, there must be so much steam that the use 
of tlie quantity required may not lessen tlie elastic force. If the steam be generated 
equably, and the space for it only equal to the quantity consumed at each stroke, and all 
the quantity be wanted during the descent of the piston, the elastic force in the boiler will 
vary one half, and the loss of effect be very considerable. This subject is therefore 
worthy of further inquiry, in order that we may see how far the maxims of practice are 
confirmed by just principles. Without specifying the kind of engine, it is stated, that a 
boiler should have space tor five or six times the volume of steam required for a stroke ;* 
others mention eight times; Dr. Young quotes a remark that it should contain ten 
times the voIume,t and Prony has stated that it is one of the advantages of a double acting 
engine, that it requires a smaller boiler than a single acting one.J 

21 1. — Let it be supposed that the action of the fire is uniformly the same, and that 
during a time 1 it generates a volume 1 of steam, and that this volume is sufiicient to 
supply the engine ; but that the whole of it is required in some less time t ; and that c is 
the capacity of the space for steam in the boiler, and p the elastic force at the commence- 
ment of letting on the steam. Then c + t — 1 is the quantity of steam in the space c at 
the end of letting on the steam ; and the elastic force being inversely as the space, it will 
be 

c 
at the time it is shut off; and the variation will be 

f,^C+< — 1) /I — < 



V *^ 



= P (r^y 



C 

Now in a single acting engine the time t when it acts at full pressure is one half, hence, 

P 

2 c 



• Millington'i Epitome of Natural Phil. p. 251. t Natural Phil. Vol* IL p. 259, 

X Architecture HydrauUque, Vol. II. p. 106. 
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is the loss of elastic force ; but if we make c = eight times the quantity required, the loss 
is ouly ^ p^ or the elastic force varies only Vry or about one pound on the squai^e inch, 

212. — If the steam be cut off before the stroke be completed, the variation will ob* 
viously be greater ; for example, in a single engine cut the steam off at half the descent, 
and the variation of elastic force in the boiler will be 



4c 



one^eleventh,. nearly, when the capacity for steam in the boiler & eight times the quantity 
required for a. stroke*. 

213^ — In the double acting engine, the steam acting at full pressure, the time t is 
nearly the same as the time denoted by I, and about three times the quantity required 
for the stroke may be sufficient ;^ hut if the steam be cutoff at any fractional portion of the 
stroke, putt equal to that fraction, and it will be found to what the capacity must be in- 
creased to render the variation of force inconsiderable. Thus if it be cut off at half the 
stroke^^then 

^\ c ) 2 c' 

thei same as in single engines, and we should not make c less than 8. But it must be 
remarked that it is in all these cases c times the volume of steam used as it is in the boiler, 
and. not c times the capacity of the cylinder, because during the time the steam acts by ex- 
pansion there is npne entering the cylinder. 

214. — For each cubic footpf water converted into steam in an hour by a low pressure 
boiler, we may assume that one cubic foot of steam is used at a stroke without material 
error ; and if, as agrees with other parts of the arrangement of an engine, the variation be 
limited to one-thirtieth of the force of the steam, we shall have 

l — t _ 

one-thirtieth, or90(l— f)=?c. 

That is, calling the interval 1 from the time the steam valves are opened to the cylin- 
der to a succeeding time of opeping them to it ; let the fraction of that interval during 
which the steam valves are open be subtracted, aikd thirty times the difference will be the 
space for steam in cubic feet in a low pressure engine. 

Thus, let it be a double acting engine where the steam is cut off at two-thirds of the 
stroke ; then, the whole stroke is the distance of the times of opening the steam valves, 
and two-thirds is the fraction;^ therefore I _ f is i, and 30 x i is ten cubic 
feet. 
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215. — ^In a high pressure boiler the same rule applies; only instead of being the space 
in feet, thirty times the difference most be divided by the c^ensity of the steam compared 
with the atmospheric steam as unity. ^ 

This may be done with sufficient nearness in practice, by dividing by the number of at- 
mospheres equal to the force of the steam in the boiler. 

If in a double acting high pressure engine, which admits the steam only during half the 
stroke, the force of the steam in the boiler be four atmospheres, th^i for each cubic foot of 
water the boiler is to boil off per hour there should be 

?^i_Lziii = 3-8 

* 

cubic feet of space for steam. 

216. — Even in a double engine, which Is intended to act at full pressure throughout 
the stroke, there is the time of opening and closing the valves to be deducted, and in some 
of the usual modes one-fourth of the stroke at least is expended, so that we can scarcely 
in any case say that less than eight, divided by the atmospheres representing the force of the 
steam in the boiler, should be allowed as the space in feet for steam for each cubic foot of 
water boiled off per hour. 

217. — Space for Water in a Boiler. That there should be water to' cover the sides of 
the boiler a liitle higher than the flues, is clear; but there i^ another condition which is 
less obvious but of considerable importance in effect, and it is particularly interesting 

^ '* •"'.»l*. .• I * •*. 'Jilt.*.' -•fc!**' ••-. ** 

in sfeam boats, where we wish to have neither more 6t space nor weight than is absolutely 
necessary. 

The quantity of water an engine consumes is not admitted with perfect regularity ; it is 
most equably done when forced in by a pump worked by the engine, and the portion 
admitted regulated by a float ball. See Plate I. Fig. 2. 

The quantity necessary to produce the steatn must however be admitted, and its tem- 
perature we will suppose to be 100^ ; now the water in the boiler we will suppose to be 
225^, and the proportion of the quantity in the boiler to that admitted ought to be such 
that the temperature should not be lowered so , as to reduce the force of the steam one^ 
thirtieth part; otherwise a manifest disadvantage must take place in the action of the 
steam* But the depression of the temperature of the water two degrees will diminish its 
elastic force one-thirtieth, hence, supposing the quantity introduced at each time to be 1, 
and the quantity in the boiler to be ar, we must have ] 

(1 X 100) ■K:cx225) ^ 

1 + a: ' 

whence we find x = 62 nearly ; that is, there must be sixty-two times as much water in the 
boiler as is introduced at one feed, otherwise the ' force of the steam will be lowered more 

s 
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than one-thirtietb. The rule applies to both hip^h and low presAure steam ; for the varia- 
tion by a change of two degrees of temperature is nearly proportional. The more fre- 
quently the feeding apparatus acts the less water we require, and we also see a stronger 
motive for using hot water for the boiler than that of barely saving fuel ; as the colder it 
is the more the steam will be reduced. If a boiler be fed at every stroke it should have 
five cubic feet of water, for each cubic foot of steam it is capable of boiling off per hour; 
whetha* the boiler be high or low pressure. 

218. — The self-acting feeding apparatus must be delicately adjusted to reduce its in- 
tervals to even twice that time, and therefore such boilers require at least ten cubic feet of 
water, for each cubic foot of water boiled off per hour. But a mode of rendering the self- 
acting feed regular is shewn in Plate I. and II. 

219.-!— It is shewn therefore that to limit a low pressure steam boiler of a double acting 
engine, with a self-acting feed, to a change of elastic force not exceeding one-thirtieth, we 
must have ten feet space for steam and ten for water for each cubic foot of water the boiler 
conmionly generates in an hour, or for each horse power ; and that if the steam be cut off 
before the stroke be completed a g^reater space must be allowed for steam. 

. 220. — It is usually stated that there should be twenty-five cubic feet of boiler for 
each horse power, others say twenty is sufiicient, and even so low as eight has been pro- 
posed; while another party state that (here is no relation between the cubic contents of the 
boiler and the power. We have now however shewn on unquestionable principles what 
ought to determine the least contents of the boiler^ and it appears that to omit the estima- 
tion either of the surface to receive heat, or the capacity, is erroneous. Both should be 
considered and determined from the circumstances of the case. 



Of the Power of Low Pressure Boilers. 

221. — The power of boilelv to produce steam is considerably affected by the loss of 
beat, and a small boiler more so than a large one. 

It is one of those cases which seems to be incapable of being investigated otherwise than 
by experience. In a boiler proportioned to the effect to be produced, the loss of energy 
seems to be in the fuel, and it appears to agree very well with practice to consider the loss 
proportional to the ratio between the surface and capacity of the quantity of fuel, sup- 
posing it to be bounded by similar figures. In this manner the following table is derived. 
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Cubic feet of tteam per 

hour eqvuTalent to 

power of boiler. 



2*16 cubic feet 

1-73 

1-56 

1-46 

1-39 

1-35 — 

1-32 

1-29 

1-28 

1'25 

1-22 

1-2 

118 

Mr 

M6 

M3 

112 

MO 



Bottom Burfece for each 
hone power. 



8-8 ft. 
71 — ^ 
6-4 — 
6-0 — 
5-7 — 
5-6 — 
5-4 — 
5-3 — 
5.2 — 
5-1 — 
5*0 — 
4-9 — 
4-8 — 
4-6- 
4-75— 
4*6 — 
4-6^ — 
4-5 — 



Side surfiice for each 
horte power. 



8-S ft. 
6-9 — 
6-2 — 
5-8 — 
5-5 — 
5-4 -* 
5'3 ^ 
6-2 — 
5-1 ^ 
5-0 -* 
4-9 — 
4*8 — 
4-7 — 
47 — 
4-6 — 
4-5 — 
4-5 — 
4-4 — 



Hortes* power for low 
pressure steam. 



1 horse power 
2 '. 



3 
4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

18 

20 

25 

30 

40 



Quantity of water in 

boiler with common 

feed for each horse 

power. 



22 cubic feet 

17 

16 

15 

14 

13-6 • 

13-2 

13-0 

12-5 

12-5 . 

12-2 

1^ 

12- 

12. 

12- — 

11 — — 
11 .—- — 
11 



When a boiler is made of a larger size tiian would supply an eng^e of thirty or forty 
horses' power with steam^ it is much better to make two boilers, and to set them side by 
side, and besides these there should be a reserve boiler to put in use during repairs. That 
is, for a forty horse engine I would recommend three twenty horse power boilers ; for a sixty 
horse engine three thirty horse power boilers, and so on ; and for smaller engines two 
boilers, each equivalent to the power of the engine. 



Of the Form ofBMers a$ it depends on Effects. 

222.— The quantity of fire and of flue surface having been ascertained, and the capa^ 
city, the next object is to consider the form of boiler best adapted for obtaining these pro- 
portions in a convenient manner. If we were to consider the strength of the metal alone, 
they would be nearly spherical, but we well know that a sphere has the least quantity of 
surface of any solid having the same capacity. 
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223. — The first boilers used for cnEfines were nearly of a splierical shape. The bot- 
tom WAS next altered to a concave surface, the flue sides were made nearly perpendicular ; 
and the upper part still retained a hemispherical shape. This form was essentially a short 
cylinder placed on its base, and terminating in a hemispherical head. 

224, — Wall's Boilers. A rectangular form was adopted by Mr. Watt for the lower 
portion of the boiler, the upper part he mode half n cylinder. The bottom was made con- 
cave but the sides flat. For low pressure steam a boiler may be made abundantly strong 
of this form, and it affords a little more snrJhce without materially increasing the space the 
boiler occupies. Making the bottom concave towards the fire also may cause the sedi- 
ment to settle in the angles instead of immediately over tbe tire. In large boilers a flue 
was formed through the middle of the boiler, so as to be covered by the water within. 

It was justly remarked by Mr, Watt that the sole object of the arrangement of his 
boilers "was to economise the fuel as much as possible. It is not the shallowness or depth 
of tiie boiler that produces this effect ; but the making of the boilers of such a shape that 
the air which passes through the fire shall be robbed of almost all its heat before it can 
make its escape."* Mr. Watt assured Dr. Thomson that this object is very well attained 
by llie construction he had adopted, and it undoubtedly is so. 

225,^When a boiler of a rectangular plan (see Plate I.) is used, the relations of the 
length, width, and depth to obtain the necessary quantity of surface and of capacity are 
easily found, when it has no internal flues, and it is doubtful whether any advantage is 
{vained by such flues or not. The following is an approximate rule for the purpose. 

Rule. Take the capacity of the boiler for water, and divide it by the quantity of bot- 
tom surface (art. 221 .) the result will be the depth of water. 

Multiply together the bottom and side surface for fire and flue, (art. 221.) and divide 
the product by twice the capacity for water, less the area of tbe bottom surface, and the 
result will be one of the dimensions of the bottom. 

Divide the bottom surface by the dimensions found, and it gives the other. 

Example, To find the proportions of a boiler for an engine of twelve horses' power, the 
capacity for water being 12-2 cubic feet for each horse power. 

In this case 12 x 12*2 = 146*4 = the capacity of the boiler for water; and the bottom 
surface 5 x 12 = 60 feet, hence 

146'4 



W) 



= a-44 



feet the depth of water. 

Also the bottom surface : 



ultiplied by the side surface = 60 x 59 



■ Dr. Thomion'a Annila oT Philosopbj. Vol. VII. p, 173, 
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Which divided by (2 x 146*4) — 60 s 232-8 is 



3540 
232*8 



=: 15 



1 
feel nearly for one tdimension. 

Consequently, 



60 
35 



= 4 



feet for the other dimension ; or the boiler should be fifteen feet long and four feet in 
width. 

226. — If the capacity of the top for steam be the same as that for water, and the form 
a semi-cylinder, the whole depth of the boiler may be found with sufficient accuracy for 
practice, by making it twice tbe depth of the water added to one-tenth of that depth ; in 
the example it will be ( 2 x 2*44 ) + -244 - 5124 feet 

The proportions given by the rule are different from those commonly used, not much in 
capacity, but considerably in extent of surface for receiving heat, and in having g^reater 
length and less width. ' Boilers of such proportions are undoubtedly stronger as well as 
more effective. 

227. — Cylindrical Boilers. Cylindrical boilers, with the ends rather flat segments of 
spheres, should always be used for the productton of strong or high pressure steam; and 
even for low pressure steam this form seems best. See Plate II. Many schemes have been 
suggested for using combinations of cylinders or tubes ; but it is extremely questionable 
whether any plans have been suggested superior to a simple cylinder with convex ends, 
and applying as many of these as are necessary fcH* the object. 

228. — Sometimes the cylinder forming the boiler has the fire wholly within it ; and in 
consequence of this arhingenient it is impossible to get surface for the ifire to act on, unless 
the boiler be of such diameter as to render it extremely dangerous. The immense waste of 
fuel is shewh by the experiments of Mr. Wood, (art. 208,) and yet these boilers have a di- 
ameter of four feetj with a pressure of four atmospheres, tending to separate the parts of 
the boiler with a force exceeding 140 tons, and only a rude safety valve to limit the steam 
to this force. 

^9. — ^RuLE Jbr Cylindrical Boilers. When a fire is applied externally to a cylinder, 
which is to contain both water and steam, let the capacity for water and for steam be added 
together, and also the quantities of fire surface ; then divide twice the capacity by the 
quantity of fire surface, and the result will be tbe diameter. Also 1*27 times the capacity 
divided by the square of the diameter will be tbe length. 
Example L Let the proportions of a high pressure boiler be determined, so that it 
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shall be capable of converting seven cubic feet of water into steam per hour, at a pressure 
of four atmospheres. ^ 

A boiler for this purpose should contain about nine cubic feet of space for each cubic 
foot of water boiled off per hour; consequently, its whole content will be sixty-three 
cubic feet. The surface for the fire should he? x( 4*9 + 4) = 62*3 feet, (see art. 204.) 
Therefore 

62-3 

feet, the diameter. / 

And 

1-27 X 63 



2*03 X 2*03 



18-6 feet 



Example II. Let the boiler be required to boil off twenty-four cubic feet of steam 
per hour, at three atmospheres, with eleven feet of space in the boiler for each cubic foot 
boiled off. 

Then the content =11 x 24 = 264 feet. The surface 24 x ( 4*6 + 4) s 20&4 feet; 
therefore 

,206-4 ^ 

feet, nearly, equal the diameter. 
And 

t-27 + 264 



6-8 



dO 



feet ni^rly ; hence, two boilers each twenty-five feet long would be better. 

Example III. If a low pressure steam boiler be made cylindrical fi>r a twelve horse 
power, under the same conditions as a rectangular one, (art. 225.) 

Then the content = 12 x 2 x 12*2 = 292*8 feet. And the surface = 12 ( 6 + 4*9) 
s 118*8 feet; therefore, 

2 X 292-6 
1 18-8 

feet neariy, equal the diameter ; also 

1-27 X 292-8 



= 5 



5x6 



14-8 feet. 



The boiler should therefore be 14*8 feel long, and five feet in diameter, and this I think 
a better form for boilers than the osud rectangular ones. See Plate II. 
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290. — ^The steam pipe S should lead from immediately orer the fire, and the water 
should be admitted at the opposite end at N ; and in order that the sediment may be with 
more certainty deposited where the fire has least force, I would insert a partition O across 
the boiler, to rise within about four or fire inches of the surface of the water. This would 
prevent cold water checking the steam, and also cause the ddposit of sediment to take place 
where the water entered the boiler ; and would confine the cooler parts of its content to 
where the smoke was of the lowest temperature. 

231. — Smaller cylinders, or rather tubular boilers, have frequently been proposed for 
generating steam ; Blakey's has already been mentioned, (art. 25,) and Count Rumford had 
one put up at the Royal Institution in 1796, for generating steam for warming the rooms. 
His ideas on the application of bis construction to steam engine boilers are worthy of at- 

* 

tention. 

232. — Count Rumford^s Boiler* The object of this boiler was to get a larger quan- 
tity of surface, and the Count had a model of it made and presented to the French Insti- 
tute, (October, 1806.) This model, as far as it dififers from an ordinary steam boiler, being 
described, the reader will easily understand how to apply it on the large scale. 

The body of the boiler is in the shape of a drum* It is a vertical cylinder of copper, 
twelve inches in diameter, and twelve inches high, closed at the top and bottom by cir- 
cular plates. 

In the centre oC the upper plate there is a cylindrical neck six inches in diameter, and 
three inches high, shut at the top by a plate of copper, three inches in diameter, and three 
Ihies in thickness, fastened down by screws. 

The flat circular bottom of the body of the boiler, which as before stated is twelve 
inches in diameter, being pierced by seven holes, each three inches in diameter, seven 
cylindrical tubes of thin sheet copper, three inches in diameter, and nine inches long, closed 
at the lower ends by circular plates, are fixed in these holes, and firmly riveted, and 
then soldered to the flat bottom of the boiler. 

On opening the communication between the boiler and the supply cistern, the water first 
fills the seven tubes, and then rises to the cylindrical body of the boiler; but it can never 
rise above six inches in the body of the boiler, for when it has got to that height, the 
floater is lifted to the height necessary for shutting the cock that admits the water. As 
the seven tubes that descend from the flat bottom of the body of the boiler into the fire 
place, are surrounded on all sides by the flame, the liquid contained in the boiler is heated, 
Mid made to boil in a short time, and with the consumption of a relatively small quantity 
of fuel ; and when the vertical sides of the body of the boiler, and its upper part, are suit- 
ably enveloped, in order to prevent the loss of heat by these surfaces, this apparatus may 
be employed with much advantage in all cases where it is required to boil water for pro- 
caring steam. 
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And in the case where the boiler is constracted on a great scale, the seven tubes that 
descend from the bottom of the boiler into the fire may be made of cast iron, whilst the 
body of the boiler is composed of sheet iron, or sheet copper. 

But in all cases where it is required to produce a great quantity of steam, it will always 
be preferable to employ several of these boilers of a middling siize, placed beside each other, 
and heated each by a separate fire, instead of using one large boiler heated by one fire. 
For Count Rumford has shewn by experiment, in his Sixth Essay '* On the Management of 
Fire, and Economy of Fuel," that beyond a certain limit, there is no advantage derived from 
augmenting the capacity of a boiler. 

The additional surface obtained by using tubes is unquestionable ; and the construction 
proposed by the Count might be applied with much benefit where much surface is to be 
gained in a small space. The tubes should, however, have that proportion of capacity 
necessary for an engine boiler, and not be too small to contain an ascending and descend iipg 
current. 

233. — Woolfs Boilers. The idea of cylindrical tubes and a magazine for water and 
steam, was further expanded by Mr. Woolf into a variety of forms which were successively 
adopted and abandoned. His first project was to have a horizontal cylinder for containii^ 
steam and water, with a series of horizontal tubes below it, crossing it at right angles, and 
connected to the cylinder by short necks. The lower tubes and half the cylinder to be 
filled with water, and the flame and smoke to pass alternately over and under the tubes in 
a^ graving course. And where very strong steam was required, he had two ot^ier smaller 
cylinders, one on each side, in lines parallel to the large one and above the cross tubes, which 
are connected alternately to these by. short necks; the larger cylinder communicating 
only with the side cylinders.^ The immediate object of this arrangement is to intro« 
duce the cold water so as not to interrupt the rising of the steam, which is the fiiult of both 
the first arrangement and also of Cour t Rumford's. 

Another mode of application adopted by Mr. Woolf consists in placing the tubes longi- 
tudinally, as the larger cylinder, parallel to each other, but in a gently sloping direc- 
tion ; the upper ends of the tubes all open into the large cylinder near to its end. The 
tubes are about ten inches in diameter, and extend the whole length of the fire place, 
which is formed below them, and the fire acts directly on the lower surfaces of the tubes, 
and the flame and smoke on the lower side of the principal cylinder. This plan seems to 
be the latest he has contrived, and a wonderful stock of ingenuity has been exhausted to 
very little purpose. 

234. — But there is another form given by Woolf to the boiler which is too ingenious 
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to be passed wiihout notice* It consists in forming^ an upper and a lower boiler, and coii* 
nectii\g them by sbort tabes. For a low pressure boiler the arrangement gives much sur- 
face, but would be more troublesome to execute than the common boiler, with scarcely any 
«ensible advantage, or at most not more than, is gained by making a flue through the 
boiler. 

236. — ^The reasons for avoiding the complicated forms of the tubular boilers of Rum- 
fbrd and Woolf require very little illustration. We are certam that if a boiler has the pro- 
per quantity of surface and capacity it will be effective, and that all that can be done in 
this respect, by a tubular boiler, is to obtain these proportions, perhaps, in a less space ; but 
if a more simple form will afford them, it certainly claims our preference. As to safety 
there can be no difference, unless the capacity of the cylinder be reduced to less than 
would contain the proper store of steam. For it is to be recollected that the stress on the 
larger cylinder is unalterable by either the disposition or the size of the small tubes ; and 
half the capacity of this cylinder must be capable of holding the store of steam. 

Another objection to these boilers is th6 necessity of using cast iron, but of the defect of 
this material for boilers, it will be necessary to treat further in giving the rules for the 
strength of them. 

236. — We have now to consider boilers which have the fire within them. They 
have been long a favourite species with speculative mechanics, and particularly since the 
high pressure steam engine was brought into use by Trevithick. It seems a most compact 
and convenient mode of applying beat, and if we could for a moment forget the current of 
heat blown up the chimney, one Inight with some people imagine that the whole of the fire- 
place being within the boiler it must give out its heat to it alone ; such an opinion is how- 
ever absurd. 

It is also urged that it is safe, because the part exposed to the h^t of the fire, being 
within the boiler, when it is destroyed the steam will burst inwardly, and this is freely ad- 
mitted to be true, only it imposes the necessity of having a larger boiler, which of course is 
more dangerous. 

237* — The proportions of these boilers will be found to depend on the following cir- 
cumstances* That part of the area of the tube appropriated to supply air to the ash pit 
HUist be of sufiicient she for the purpose ; which determines the diameter of the tube. 
The area of the grating must be considered, (see art. 198,) and then the length of the lube 
must be at least sjafBcient to make its superficial contents equal to thq surface requhred for 
the fire. (See art. 204.) The capacity of the boiler must next be adjusted, so that de- 
ducting the space occupied by the tube containing the fire, the quantity remaining will 
contain the necessary store of water and steam. (See art 215.) 

238v-*«If the nature of the application admit of a supply boiler being added, to receive 
and heat the water required to replace that boiled off, then the internal flue should have 
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only the qiiintity of Are surrace, and the smalce should be returned under the supply 
boiler, as Oliver Evans proposed. Wlien a supply boiler cannot be used, somewhat more 
than one-fourth of the effect of the fuel will be lost by the smoke escaping at such an ele- 
vated temperature. 

S-t!). — The construction of boilers for steam boats must be such as will render them 
secure against danger from the fire, and also with as little of either bulk or weight of ma- 
terials as possible. When they are low pressure boilers, and I would strongly recommend 
that no other should be used at sea, the force of the sleam dues nut prevent the use of plane 
surfaces, to bound the flues and fire. The object then is to arrange the fire-place and 
flues within the boiler, so as to afford the proper quantities of fire, and flue surface, and of 
capacity, and admit of being cleaned with facility. 

Various methods are adopted, but I have observed that the common tendency of 
a few years' practice is to stmplyfy both the construction, and the means of obtaining 
effect. 

340. — The boiler is sometimes made so as to admit a clear passage of about eighteen 
inches between the timbers and the boiler, but this excellent practice is by no means so 
general as it ought to be; for it not only gives a great degree of security against 
accident by fire, but also renders the examination and repair of the boiler easy and satis- 
factory. 

241. — The grate should not be less than about iwo feet from the floor, and the sum of 
the areas of the flues of the fires should be somewhat larger than the area of the chimney, 
or simply larger ihan the chimney when there is no more than one fire. It will be an ad- 
vantage lo have as many separate fire-places as is convenient, for several reasons. First, 
The fire is easier to manage, and a less interruption to the generation of steam is caused by 
feeding it. Secondly, The fine and fire surface are obtained in less space, because two 
flues have more surface than one capable of conveying the same quantity of smoke. It is, 
however, scarcely possible to point out the limits which should determine the choice iu 
different cases, as first expense is too ofVen avoided, under the impression thai it is more 
than equivalent to an unknown loss, which will become as regular as it is certain. 

242. — A flue about in the proportion of twelve inches wide, and eighteen or twenty- 
four inches high, with one of its ends easily accessible, is a good proportion ; height ren- 
dering the flue more effective than width, in consequence of the hottest part of the smoke 
pressing against the upper part of the flue, while the bottom gets speedily covered with a 
coat of sooty matter, which being a bad conductor of heat, the bottom surface has very 
little effect. Hence, in estimating the quantity of surfoce (he bottom of the flue should not 
be calculated. 

243. — The fire-place is necessarily surrounded by water, but there is no advantage in 
this; tor water is so rapid a conductof of beat that it absorbs it too feet from tbe/uel 



I 
I 



I 



SECT. III.] CONDENSATION OF STEAM 139 

which is in combustion, whereas nothing can be more injurious to the perfectness of that 
process than a rapid abstraction of heat The^sides of the firp ought to be lined with fire 
bricks as far as the burning fuel extends, and the saving arising from the more perfect 
combustion of the fuel, and in the duration of the boiler, would more than balance the in- 
conyenienoe of Ijie construction. 

A boiler for a steam boat constructed in this manner is shewn in Plate XVII. Fig. I, 2, 
and 3. It differs in some respects from the usual forms, but not in any essential points ; 
the great object is-to obtain a sufficient quantity of fire surface, and facility of clearing the 
flues, is of considerable importance. 

244. — Portable high preasure Bailers, Boilers for steam carriages, and other purposes 
where a permanent seat of brickwork cannot be applied, should be arranged in the same 
manner as those for steam boats, with the exception of the forms being adapted to resist the 
eflect of the steam. 

Both the boiler and the flues within it should be cylindrical ; the difficulty of the case 
consists in obtaining even the doe proportion of fire surface, without rendering the boiler 
too large in diameter. Hence, the only thing that seems capable of being done to improve 
the present construction, is to make the boilers much longer with less diameter ; to have 
the boiler filled with water, and the fire tube larger, with the spaces for steam formed by 
short vertical cylinders round the steam cylinders. 



Of Fire Places. 

245. — Various methods have been tried for improving the construction and the mode 
of supplying the fuel to the fireplaces of steam boilers. Smeaton improved them so far that 
there has been very little more useful effect obtained since, than was done by some of his 
boilers. The later researches on combustion induced Mr. Watt to add a few further 
improvements, but experience taught him that what might be done by scrupulous attention 
and just principles, was not to be expected in ordinary practice. 

246. — Waifs Fireplace. In improving the furnace Mr. Watt proceeded nearly on 
the principles of Argand's lamp. The grate and dead plates were laid in a sloping di- 
rection downwards from the fire door, at an angle of about twenty-five d^rees to the hori* 
zon : the fire being lighted in the usual manner, and a small quantity of air admitted 
through one or two openings in the fire door, so as to blow directly on the blazing part of 
the fire. The fire at first was kept near the dead plate, and the fresh coak with which it 
was supplied were laid upon that plate close to the burning fuel, but not upon it When 
it needed mending, the burning coals and those upon the dead plate were pushed further 
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down without being mixed, and more coals ;ivere laid upon the dead plate, but never thrown 
on the top of those already on fire, as that tfould instantly send out a volume of smcdie. 
In this situation they were gradually dried,' and the smoke which issued from them con- 
sumed by the current of air from the fire door, in passing over the bright burning fuel. 
The opening or openings, to admit the air, are regulated so Us just to aj|^t the quantity 
which consumes the smoke; more would be prejudicial. He at first constructed these fur- 
naces in a rather different manner ; but found the above method the most convenient, and, 
when properly attended to, answers the purpose perfectly with free burning coals, but is 
more difficult to manage with coal which cakes. 

247. — RobertofCs Furnace. Various methods of construction have been contrived to 
accomplish the objects proposed by Mr. Watt ; that of Messrs. Roberton is perhaps on the 
whole the best. The opening through which the fdel is introduced into the furnace, is 
shaped somewhat like a hopper, and is made of cast iron, built into the brickwork, inclin- 
ing from the niouth downward to the place where the fire rests on the grate. The coals 
in this mouth piece or hopper answer the purpose of a door, and those that are lowest are 
by this means brought into a state of ignition before they are forced into the furnace. 
Below the lower plate of the hopper the furnace is provided with upright front bars, whieh 
serve to admit air among the fuel, and to admit an implement to force the fuel back, from 
time to time, to make room for fresh quantities to fall into the furnace from the hopper. 
By this arrangement the fuel is brought into a state of ignition before it reaches the further 
end of the bottom grate, where it is stopped by the rising breast of the brickwork, so that 
(iny smoke liberated from the raw coals at the front, must pass over these red hot coals 
before it can reach the flue. 

Below the upper side of the mouth piece or hopper, and at about the distance of three- 
fourths of an inch from it, is introduced a cast iron plate. This plate is above the fuel, 
and the space between it and the top of the hopper is opea to admit a very thin stream of 
air, which rushing down the opening, comes first in contact with that part of the fire which 
is giving off* the greatest quantity of smoke, mixes with it before it passes over the hot fuel 
in the interior, and therefore in passing it inflames and escapes undecomposed. This is the 
worst part of the apparatus ; for air so admitted cools the bottom of the boiler. 

The quantity of air admitted to pass over the upper surface of the fire, is regulated by 
.mserting a wedg^formed piece of iron. The front bars are closed by doors which when 
shut prevent the heat from coming ont, and incommoding the workmen. 

248. — ^A considerable improvement was added by Mr. Woolf, to enable them to get 
jrid of clinkers and scoriee; the contrivance is extremely simple. The combustion of the 
fuel commences, and is chiefly carried on, on the part of the bottom g^te next the hopper, 
md the fuel is pushed back from time to time along the grate, and at the end, vitrified 
portions MX in^o a cavity, the' bottom of which is furnished with horiseontal slides. These 
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when dnilriiiratt^y «ii irdh bo6k^pj^ll^ tb thelmtfdle of the slide, discbarge ihe cliriken 
tiilo the fltih pit. (See Plate 11.) 

Siia-^ttati icfefiHrt of RbbeitotaVMetfaod as well as Mr. W^ttV consists m admitting 
a regular iitift¥eAt of c6ld Ikfr "WMh iiis liot regularly wanted, and where it has an injurious 
effect in Pooling 'the smoke' as itriises against the bottom of the boiler. This is greatly 
k^medied by admitting air by means of small side fines, or at the back of the fire, whence 
having to pass from the ash pit, through small channels in the hot brickworic, it becomes 
heated before it issues into the fire-place. But abundance of air will pass the g^te if it 
be properly constructed, and the modification I would recommend is described in 
Plate II. 

Air flues when used should have valves to open or close them, and on the whole very 
little good is derived from them unless they be attended to with more care than is 
usually bestowed on the Qre of an engine. 

250. — Brrnhf^s Fire-place. In consequence of the difficulty of supplying a fire 
equably by hand, so as to sustain the regular demand for steam in a steam engine, it has 
t>een attetanpted to tise machinery for that purpose. Several schemes have been tijcd, but 
the only otk^ which has succeeded in practice is that invented by Mr. William Brun- 
ton. 

The method consists in an apparatus for dropping the coals on the grate by small quan- 
tities, at^ifaort intervals of time (not more than three or four seconds) and in such a manner 
that the smoke riising from the fresh fuel must pass over that which is in a further stage 
bf-combustioti^ and consequently be consumed ; the uniform supply of air for that purpose 
being admitted. 

The machine is also so contrived that a quantity of coal is put on proportioned to the 
quantity of work, and the air admitted is regulated in a similar manner. 

The advantages of such a method are obvious, and the increase of expense of erection 
not so* considerable as might be expected. 

A circiilar horizontal grate which receives the coals is five feet in diameter, and revolves 
on a verti^i axis at the rate of about one revolution per minute. During its revolution 
the coals fall (from a hopper placed over' the boiler) through a vertical narrow rectangular 
opening, formed through the tOp of the boiler, of the length and in the direction of the 
radius of the grate. The quantity discharged at once by the hopper is regulated by the 
force of the steam in the boiler, and the discharge is made at every fourth or.fiflh second 
i»f tfane; by this means an uniform fire, regulated by 'the work it is to perform, is obtained, 
and with a certainty as absolute as the nature of things will admit. To prevent air being 
admitted without passing through the channels which are properly regulated, a thin rim 
on the under edge of the grate, runs in a drcular trough filled with sand. These parts, 
bdwever, will be more clearly understood by a reference to the description of Plate II. 
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where its application to two boilers, wbicfa had been 
Watt, is shewn. The saring of fuel by using this 
6ve per cent; and a grate five feet in diameter burns 
castle coals per hour, and 336 pounds, or three cwt. of 
pounds for each foot of surface of gjate for the former; 
the latter kind. I suppose it requires these quantities 
quantity of grate is about two-thirds of that required i 



previously erected by BoultoQ and 
us is stated to be about twenty- 
260 pounds (three bushels) of New- 
Stafibrdshire coals ; that is, thirteen 
and seventeen pounds each foot for 
also to produce equal effects. The 
1 the ordinary method. 



^pparatutfoT Boilers. 

251. — Feeding apparatus. The use of the feeding apparatus is to supply the boiler 
with water, in the place of that which is converted into steam. The feed pipe is a vertical 
pipe passing through the top of the boiler. The lower part of this pipe is turned at the 
end to prevent steam rising through it, and where it passes through the top of the boiler, 
it is made steam-tight and fixed very correctly in a vertical position. The top of the pipe 
terminates in a small cistern head, which is kept supplied with water by a small pump 
from the hot water cistern ; and at the bottom of the small cistern head there is a conical 
valve, opening upwards, connected by a chain to a lever, which turns on a centre, with a 
wire attached to the opposite end. This wire passes through an air-tight stuffing box to a 
flat stone or piece of metal in the boiler, which is so balanced by a weight, on the opposite 
end of the lever, as to float on the surface of the water. The stone should be so large in 
proportion to the surface of water as to act sensibly on a very slight depression of the 
water. 

Its action is performed in this manner : when part of the water is evaporated from the 
boiler, the float descends with the water's surface, and consequently mises the conical 
valve; now, the small cistern bead, being kept constantly full of water, by the pipe from 
the hot water pump, as soon as the valve is raised, water enters the boiler, and when it is filled 
to the proper level, it raises the float and shuts the valve, till a repetition of the operation 
becomes necessary. The surplus water raised by the pump runs off by a water pipe from 
the cistern head. 

252. — The principal circimistance to be attended (o in the construction of this ap- 
paratus, is, to make Ilie height of the water in the cistern sufficient to balance the strength 
of the steam. For if this height be too small, the water in the boiler will be forced up the 
feed pipe by the pressure of the steam, and he driven out at the valve. 

For water at 60°, 2-94 feet in height is equivalent to one pound on the circular inch, 
but the water in the feed pipe will generally be nearly 212°, and then three feet is re- 
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quired. Hence, three Tee) in heiglit for eacli pound per circular inch is the proper 
height. 

The stone float should obriously be in that part of the boiler where it will be least die* 
turbed by the formation of steam ; and the feed pipe should deliver its supplies as far from ■ 
the point where the steam is principally generated as possible. 

253. — On account of the force of steam required in high pressure engines, an ordinary 
feed pipe cannot be applied to supply the boiler, without making it of a very inconvenient 
height; water is therefore supplied to the boiler by a small forcing pump, worked by a 
lever connected with one of the reciprocating parts of the engine, and this water instead of 
passing immediately into the boiler, should pass through a pipe or receptacle which 
traver^s back and forward in the steam which escapes from the engine, so as to become 
considerably heated before it enters the boiler, that it may not check the production of steam. 
A much better method, however, is to make the smoke pass round and heat a small 
supply boiler; which should have a cummunicatiun with tbe proper boiler. The pump 
in this cnse supplies tbe small boiler. 

In supplying a boiler by a pump worked by the engine, tbe same supply is given 
at all times, whatever may be the quantity converted into steam and used. Now as 
tbe consumption of steam is variable, the quantity injected by the pnmp must ofien be in 
excess. This may be remedied by the use of a float, in land engines. Let A, B, (Fig. 2. 
Plate I.) be two connected valves, in the box which receives the water from tbe pump, the 
one A opening to the boiler, the other B opening to the waste pipe. If tbe stem of these 
valves be connected to the lever of a balanced float, as indicated in the figure, the increase 
of water in the boiler above its proper level will cause tbe valves to descend, and close the 
communication to the boiler, while the waste valve opens and admits the superfluous water 
to run oflT by the pipe. In this construction the boiler will receive the supply from the 
pump regularly at all times, except where it is in excess for the quantity used, and then 
the float F rises, ai:d shuts the passage of entrance to tbe boiler, and opens the one to the 
waste, till the quantity no longer exceeds the consumption. This simple arrangement 
renders the feed regular, which is of much importance. 

254 — Tlie same construction applied to the feeding pipe of a low pressure steam engine 
would be much superior to tbe common stone float ; and 1 think it would apply as shewn in 
Plate II. Fig. 2, even to the steam boat ; for the oscilltrtiou would not prevent either its 
rise or fall, when an over supply took place or otherwise ; and employing tbe rise instead of 
the fall of the water to act on the valve, would be a means of safety as well as of prevent- 
ing irregular influxes of water to check the steam. (See art. 217.) 

255. — In a method of admitting water to high pressure boilers invented by Mr. Frank- 
lins, the waste water has to raise a loaded valve to escape, and the passage to the boiler is 
r^ulaled by a balance float placed wholly within the boiler; it is ingenious, but has not 
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the advantage ot rendering tLe supply contiiuiouH; it must, as the ordinary feed pipe, atop 
till the water has descended so as to raise (he valve. 



€^' regulating Ike fire of a Steam Boiler. 

256. — The force of the steam may be made a nienos of regulating the fire, either'by 
diminishing the supply of air, or by contracting the chimoey by a plate, called the damper. 
As a means of regulation the former ought to be preferred ; it being obvious, that a direct 
diminution of the quantity of oxygen at its entrance to the fire, must have both a more im> 
mediate and a more beneficial effect than coDtractiog the chimney ; the efi'ect of the latter be- 
ing to increase the temperature and force of the smoke in proportion as the aperture is con- 
tracted ; and, consequently, the smoke escapes at a higher teiTiperature, carrying off a con- 
siderable quantiljt of heat. The regulation by (he damper is (he kind generally used ; (be 
other method is the same in principle, and only diSera in being applied to the ash pit 
instead of the due, 

257. — Self-Teg»luting Dampers. Dampers are frequently under the control of thosn 
who have the management of (he tire ; but in the self-regulating damper the fire is made a 
means of controlling itself, so as to burn with more or less rapidity, as it may be more or less 
wanted, in the following manner. An iron plate or damper, of sufficient size entirely to 
close the chimney or fine, slides up and down, vertically in iron grooves, (see Plate III.) with 
as little friction as possible. To its upper part is attached a chain, which passes over the 
two pullies n and «, through a tube in the bottom of the cistern head of the feed pipe, 
and down the centre of the feed pipe C, to a hollow or bucket-shaped cast iron weight; 
the feed pipe being made of larger diameter in tliis part, when a self-regulating damper 
is applied to a boiler, to admit the weight without blocking up the pipe so as to prevent 
the descent of the feeding water. The weight is so adjusted by filling it partly with lead, 
that it may just overcome the weight and friction of the damper plate, chains, and pulleys, 
when there is no fire under the boiler; consequently, the damper plate will then he drawn 
up, and the chimney completely open, at which time the weight wdl rest on the shoulders 
or projections at the bottom of the feed pipe ; the chain being properly adjusted iu length 
for that purpose. Now as soon as a fire is applied so as (u generate steam in the boit<Pr, 
the steam presses upon the surface of the water, and drives it up to a certain height in 
the feed pipe, and the weight, by becoming immersed in water, baa part of its gravitating 
force balanced, and therefore becomes no longer able to retain the damper plate at its 
former height; it will consequently descend till equilibrium takes place, and partly do 
the chimney, by which the draught of the tire will be checked. Should it move so 
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dieck it too much, leas steam will be formed, and the water will rise to a less height in the 
feed pipe, and part of the force of the weight will be restored so as to raise the damper 
again : should the fire ever become so fierce as to drive the water up into the cistern head, 
the weight should, be so far raised as nearly to shut the chimney ; when a damper shuts 
perfectly close there is a risk of inflammable air collecting and exploding in the flues. 

A hand damper is, however, an appendage which a boiler should always have, for when 
an engine is not in action it will be useful partially to close it ; and no boiler can be con- 
sidered perfect which has not both a damper, and the means of entirely closing the aper- 
ture by which the air enters to supply the fire. 

2&8w — Self-acting Air Regulator. The most direct method of governing the action 
of a fire is to provide the passages which admit air with the means of opening or closing 
them at pleasure; and it is a still further advantage when this is done by means of the 
fiirce of the steam, so that as the steam increases beyond its proper strength, it closes the 
aperture which admits air to the fire. A method of constructing a self-acting regulator 
of this kind is shewn in Plate I. It is essential in applying it to make all other entrances 
to the burning fuel to shut as perfectly close as possible. 



Sqfety Valves. 

269. — ^The precautions for safety are of much importance'; the boilers of steam engines 
should never be constructed without them, and they should be done with every, care to 
render them eflfective in preventing accidents. 

Safety valves are called external, or internal, according to the nature of the evil to be 
prevented. — Jin internal safety valve is to prevent the pressure of the atmosphere crushing 
in the sides of the boilers or pipes to which it is applied. It is usually an inverted conical 
valve, retained in its seat by a rod connected to a lever, having a weight at its opposite end, 
such that the force of the atmospheric pressure will overcome it, when its pressure is three 
or four pounds on the circular inch greater than the elastic force of the steam in the 
boiler. 

In Plate I. Fig. 1. this valve is shewn as inserted in the man-hole plate ; a being the 
valve kept in its seat by the weight on the lever at b, 

260. — The external stifety vahe is to prevent the risk of explosion, should the steam 
become stronger than that the boiler is intended to confine ; therefore, it is of the greatest 
jmportanc^ that it be properly constructed and not liable to derangement. 

The application of a loaded valve to limit the force of steam appears to have been first 
made by Papin to his digesters; and it was applied by Savery to the boilers of his steam 
engines. It consisted of a conical valve retained in its seat by a weight on a lever ; and 

V 
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from its resemblance to a steelyard was called the steelyard safety valire. It is still 
mach used, but it has tbe obvious defect that the weight may be increased at the will of 
the workman, or even may be done through the ignorance of a stranger; hence, valves of 
this form should not be employed unless the lever and valve be wholly inclosed in a box 
kept locked by the proprietor. Such a box should have a pipe leading into the chimney, 
to carry off the steam, and a slight wire or chain to lift the valve by, lest it shonld stick 
fast by corrosion. 

261. — For low pressure steam, the form is rendered more, convenient. The conical' 
valve has its load directly upon it, and it ought to be sufficiently Targe. Its clear area in 
the narrowest part not being less than iisi calculated by the annexed rule, and the power 
of the steam having been determined, a fixed and unalterable weight agreeing with that 
power should be formed and attached to the rod on the top of the valve, and the whole 
should be inclosed in a metal box, having a passage larger than the area of the valve to 
convey the steam away to the chimney or other place. 

The greatest power of steam should be a little more than is required to work the engine ; 
suppose it be five pounds on the circular inch, and the diameter of the lowest part of the 
seat of the safety valve should be 3, then 3 times 3 being 9, the area of the valve in circular 
inches, and 9 times 6 are 45, which is the required weight in pounds, for the load to be 
placed upon the valve. This valve will not open till the steam pre^sses it with greater force 
than five pounds on the inch* The metal box for the valve being locked up> of course no 
one but the possessor of the key could alter the load on the valve, but a handle passing 
through the cover is necessary to move it to prevent it rusting fast. 

For further security it has been proposed that anodier safety valve should be placed 
upon the same boiler; but with rather less load upon it, in order that it may open first,, 
and give notice to the engine man when the steam is likely to become too strong. This 
should have a stronger handle for moving it, either for letting off the steam when not re^ 
quired, or other purpose; but the handle to rane the locked valve should be either con- 
nected by a chain or slight wire^ so that it could not be fixed so as ta increase die load on 
the valve. It would be better to rely on the conunon valve than one locked up till it had 
become stuck fast with rust. 

262. — A conical seated valve does not appear to me to be the best ;. for the locked 
valve I would prefer a flat seat, and that the metallic surfaces in contact should be narrow,, 
and ofmefri not liable to corrosion, nor to fix by unequal expansion. 

263.— -To prevent the dianger of adhering in steam boat boilers, Mr. Kmmo* proposed 
that the valve shoul4 be a hemisphere with its convex surface downwards^ to rest in a seat 
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formed to fit it, and the weight, he proposed, to hang to the lowest part of the yalve. See 
y. Figt I9 Plate XVIL By this means the motion of the boat would be constantly changing 
the position of the valve, while its form woald render it steam-tight in all positions, wfth- 
ont danger of adherence. A chain might be also attached to the upper side of the valve, 
to lift it without opening the case inclosing it This method deserves attention. Its defect 
will most likely be want of stability in its seat. 

264 — The most certain and safe method for low pressure boilers is to balance the 
pressure of the steam by a column of water, of a diameter adequate to allow of the escape 
of the steam as rapidly as it would be possible for the fire to generate it. A feed pipe is 
to a certain degree a safety tube of this kind, but neither of the size nor construction which 
safety requires. The tube or pipe T W should be made recurved at the lower end T, 
Plate II. Fig. 2, its mouth being not lower than level with the upper edge of the fire fines. 
At the upper end it should be provided with a pipe U to convey down the hot water 
without the danger of scalding any one, and the upper part should terminate in a higher 
pipe V, to convey away the steanu The action of this safety tube is, first to lower the 
water in the boiler to bring the feeding pipe into action, if it be not so before, and then to 
allow the escape of the steam, I have had two boilers done in this manner, and the 
efifect of endeavouring to render the steam stronger than it ought to be is com- 
pletely counteracted ; and the boiler restored again to its regular pressure in a few minutes 
after the ^ube- has discharged its column of water. The discharge of a portion of hot 
water by the tube, and the admission of colder by the feed pipe, tends to lower the steam, 
but by the feed pipe alone this does not happen, as the hot water then rises in the feed 
pipe and. prevents the entrance of cold. Another advantage of this construction is, that 
should the water fiill below the mouth of the tube, the steam would escape, and if the 
noise of its escape did not warn the engineer of the state of the boiler, the want of steam 
would soon h^ a motive to look after it. 

The height of the tube for different pressures is easily calculated, for the height of a 
column of water equivalent to one pound on the circular inch, is for ordinary temperatures 
3'1 feet; hence, for a pressure of four pounds on the circular inch, 4 x 3*1 =s 12*4 feet, 
the height for the tube, that is, equal to a little more than five pounds per square inch. It 
is obvious that it is adapted only for low pressure steanu 

265. — Other modes have been proposed for constructing valves, some of which are 
deficient in principle, others are complex in construction, and operation. The solid piston 
valve proposed, by Chevalier Edelcrantz, would either stick fast with high pressure steam 
<Nr allow a constant escape, and to this difficulty is added the nicety of fitting a solid piston - 
so ^ to be and remain steam-tight. If an elastic metallic piston be used instead of a solid 
one, the expense of construction becomes considerable; and a common packed piston is 
not to be depended on for the purpose, its friction b so irregular. 
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266. — For high pressure boilers more carefnl attention to tlie means of security are 
necessary than for low pressure ones, as it is easy to shew that the rislt is much greater; 
indeed some most dreadful accidents have had the effect of rendering people more cautious 
respecting; them. Several methods have been used lo guard against these accidents by 
Trevithick, who first brought the high pressure engine into use. He proposed that the 
safety valve should be inclosed in an iron case and locked, so that no person could get 
access to it to increase the load beyond what was intended to be employed. He also had 
a bole drilled in the boiler, which he plu^j^ed up with lead, at such a height from the 
bottom, that the boiler could never boil dry without exposing the lead to be melted, and 
consequently making an opening for the steam to escape. This contrivance he expected 
to prevent the boiler being burst by suddenly forcing water into it, when it had been 
allowed through inattention fo boil dry, aud become red hot. 

267. — A plug of fusible metal riveted into a hole in the bottom of a boiler, so that it 
may melt and allow the water and steam to escape into the fire, whenever the contents of 
the boiler attain that degree of heat which produces steam of a dangerous elasticity, is a 
method of a like nature. 

268. — The mercurial steam gauge is generally applied to boilers to shew the state of 
the steam; it is a curved tube, or inverted siphon, in which the mercury rises by the force 
of the steam, and indicates the pressure. (See Section VIH.) When this steam gauge is 
applied to a high pressure boiler, it requires a tube of considerable length; and is an ad- 
ditional security against the bursting of the boiler, because when the steam is too strong 
the mercury will be displaced into a proper receiver, and the steam escape through the 
tube when the pressure exceeds that the boiler is designed to sustain. This steam gauge 
is a most desirable appendage to a high pressure boiler, because it shews at once the state 
of the steam ; but as a means of safely we had better inquire how far either it or metallic 
plugs are likely to be effective, lest, under an impression of being secure, the reliance may 
involve us in more of these fatal accidents. 

269. — In the first place, it is obvious that the aperture or apertures by which the 
steam is to escape, should be so large that it may escape as fast as the fire can generate it; 
if it does not it must accumulate, and eventually explode. Now it is pos.sibleto convert 
a cubic foot of water into steam from somewhat less than 1-5 feet of fire surface, (see art, 
200.) and it is making only a small allowance for security to admit that each foot of 
surface may convert a cubic foot of water into steam. 

Rule. Hence, we derive the following rule. Let the density of (he steam correspond* 
ing to the pressure be found. Then multiply 7'5 times this density, by the square root of 
the quantity the density is greater than 1, and divide the feet of fire surface by the pio- 
duct ; this quotient is the square of the diameter of the narrowest part of the valve in 
inches. Or, divide the area of the fire surface by the number corresponding to the pree- 
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jMire or temperfilure, under the head divisor in the following table; and the quotient will 
be the square of the diameter of the valve in the narrowest part in inches. 



Plressure in ioches 
of nicrciiry* 


Temperature. 


Denatjoftteuo. 


Diviiors. 


30 


212 


1 





35 


225 


1-28 


5 


60 


250 


2-00 


15 


90 


275 


2-85 


29 


120 


293 


370 


45 


150 


308 


47. 


eo 



The rule, it is to be remarked, is for the smallest aperture that ought to be used, but there 
is much reason either to use two valves or to double the area determined by the rule. 

Example I. Required the area of a safety valve for a low pressure boiler, fifteen feet 
long by four feet wide, the fire surface being considered equal to the area of the bottom of 
the boiler. In this case 16 x 4 =5 60, and the divisor is 5 for low pressure steam ; hence, 



60 
5 



=12, 



the square of the diameter of the aperture; and the square root is three inches and a half, 
nearly, for the diameter. And either two valves of this diameter, or one of five inches 
diameter, ought to be used. 

Example II. A high pressure boiler with sixty feet of fire surface is used for gene-^ 
rating steam of four times the atmospheric pressure, what should be the least diameter of 
the safety valve aperture. 

In this case the divisor is 45, and 



60' 
45" 



s 134 



the square of the diameter, and the square root is 1*16. 

270. — ^Hence, we find that the diameter of a mercurial gauge capable of giving pas- 
sage to the steam, is not go, large as to prevent it being iqpplied in pYactioe, and with suc- 
cess, as a means of rendering boilers safe. A safety valve in addition should of course be 
used, as the bends in the pipe would in some degree retard the eseiqpe of the steam. 
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271. — ^The use of fusible metal plugs I do not think so likely to afford security, for 
were the plug fusible at the pressure for which the boiler was adapted, it woul4 be so 
softened by the continued temperature of the working state, as to be incapable of retaining 
the steam, when made of sufficient magnitude to be useful. Lead would be wholly unfit, 
its melting point being at 612<^, a temperature at which the force of the steant would be 
about 160 atmospheres. Tin melts at 442^, and at this temperature the force is upwards of 
25 atmospheres. Alloys may be formed to melt from 212 to 60(y, but we hare no evidence 
that the melting points remain permanent, in alloys which are regularly exposed to a heat 
so nearly approaching to that which they fuse at when newly formed. 



Alloys and Metab. Melting point. 

An alloy of lead 1 part, tin 3 parts, bismuth 6 parts, melts at 212^ 

Lead 1 tin 4 bismuth 5 246 

Tin 1 bismuth 1 286 

Tin 2 bismuth 1 336 

Lead 2 tin 3 334 

Tin 8 bismuth 1 392 

Tin 442 

Bismuth 472 

Lead 612 

Zinc ' 648 



But if a rangfe of about two atmospheres above the working pressure, be necessary to fuse 
the plug, and with less range than that, it is scarcely probable it will withstand the work- 
ing pressure, this mode of obtaining safety ought not to be relied upon in practice. As an 
additional precaution the fusible plug may be adopted, but not as a principal one, cer- 
tainly not as one in which g^reat dependence may be-placed. 

272. — It ha salso been proposed to add a pipe to some part of the boiler, of such thin 
metal that it may burst rather than the boiler, but this plan like that of the metallic plugs, 
can only be useful in cases where the ordinary safety yalves do not act, for if it be made at 
first so that it would break on a small increase above the working pressure, it would be 
constantly failing at. that pressure, it being well known that a metal strained to near its 
ultimate force will gradually break. Besides it is exceedingly difficult to determine the 
strain such a pipe will bear without fracture, within the limits that would render it safe to 
depend on where life is in hazard. 

273. — ^The risk oa high pressure boilers, even at their working pressure, becomes con« 
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siderable in proportion as that pressure is higb, and therefore too much caution cannot be 
employed about them. At least one good safety valve, and a mercurial gauge of sufficient 
diameter to allow the escape of the steam^ should be applied to each ; but it is the practice 
of careful engineers to apply two safety valves. 

On the common safety valve an improvement might be made by constructing it so as ta 
be relieved of part of the load on the valve as it rises. 



The Area of Chimneys for Steam Engine BoUers^ 

274. — Previous to giving particular rules for the area of chimneys, ft may be useful to 
remark that a chimney may afterwards be convenient, if considerably larger than is neces- 
sary for the use of the engine it is erected for, while the expense bears a small ratio to the 
increase of size. Hence, I would recommend that one double the size of that g^ven by the 
rule should be built, for the rules apply only to one for the actual power of the engine. 

The height should not be less than about fifty feet,, and should be higher if' it be desir- 
able to avoid the nuisance of smoke in (he immediate neighbourhood of the chiipney. For 
though by increasing the height of the chnnney there is no diminution of smoke, yet it is 
spread so as to fall over a large surface.* 

275. — ^Rui^E. The area of a chimney for a low pressure steam eng^e, when above 
ten horses' power, should be 112 times the horses' power of the engine, divided by the 
square root of the height of the chimney. 

For less than ten horses' power, it should be 90 multiplied by th^ number opposite the 
horse power in the first column of the table, (art. 221.) instead of 112. 

Example. Required, the area of a chimney for an engine, of forty horses' power,, th^e. 
height of it being seventy l^et. 

In this case 

40 X 112 4480 



V 70 8*4 



= d33SL 



* It is a carious circmnstanoe that Wieo high presiure steam and smoke ascend' in the same chimney, the smoke be-- 
I neariy invisible. It seems to have been first observed in Tr^ithick's engitae^ when applied to a steam catriage in 
1805 ; and was communicated to Nicholson's Jomnal (Voi XII. p. 1.) by Mr. Gilbert, who offen no explanation, but 
states that the adaBission of the steam into the chimney improved the draught. Nicholson made an experiment which ae* 
counts for the vapour becoming invisible, through, the heat ef the smoke preventing that degree of condensation which is 
essential to its being seen. (Journal, Vol. XII. p. 47.) The disappearance of the smoke is not accounted for; but I 
tiiink it seems to be deposited in consequence of the density being diminished by inteimixtuxe with steam, till it becomes la- 
€apableof suspending the particles of seoty matter*. 
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nquare inches. The square root of this is twenty-three inchesi which will be the side of a 
square chimney. Or multiply ^38 by 1*27 and extract the square root for the diameter 
of a circular one. 

But in either case I would advise to build a chimney of double the area, or 1066*4 area, 
that is, make the side of the square thirty-three inches. 

In this rule it is supposed that the engine is done in the best manner, and worked with 
the best coals ; that is, one requiring only from nine pounds to eleven pounds of coal per 
hour, for each horse power, of an engine above ten horses' power. But where fourteen or 
sixteen pounds of coal per hour is necessary, the flue should be increased in direct propw- 
tion to the quantities to be consumed. See the mode of finding the rule in (art. 168.) 

276. — ^When wood is used for fuel, it affords a much larger quantity of smoke, but it 
is also much lighter, and about one and a half times the area necessary for coals will be 
sufficient. 

271. — ^The same rules may be applied to high pressure engines ; taking the cubic 
feet of water per hour, or the one-eleventh part of the pounds of coal per hour, instead of 
the number of horses' power. 

278. — ^The engine chimneys for steam boats and steam carriages are circular, and should 
not be larger than is absolutely required to give effect to the fuel. This will be about ob- 
tained when the square of the diameter is equal to 90 multiplied by the horses' pow^, and 
divided by the square root of the height in feet. 

But here it must be remarked, that where a chimney is less than about forty or fifty feet 
in height, the smoke must be allowed to rise at a much higher temperature. It must not 
therefore be allowed to cool too much by giving its heat to the boiler, otherwise there will 
be a want of draugjit. Hence, in low chimneys, the fuel will not produce its full eflfect. 

Different modes of finishing chimney tops, are shewn in Plate I. The least expen- 
sive is one of the form of an Egyptian obelisk, and it offers least obstruction to the 
wind. 



Of the Condemation of Steam. 

279. — ^When any substance or body colder than steam itself is put in contact with k, 
the steam condenses till the temperature of the cold body becomes the same as dial of the 
steam ; or till the whole mass of steam be condensed to a d^^ree of elasticity correspond- 
ing to the temperature to which the cold body is raised by the heat of the steam. The 
greater the quantity of the cold body the less its temperature will be raised, and also the 
colder it is the more the elastic force will be reduced. Henoe, to reduce the ehstic 



SECT. III.] CONDENSATION OF STEAM. 163 

force of steam as low as possible, the coldness and the quantity of the coolirig body 
should be as great as possible. 

280. — Any cold body condenses steam, but that it may be effectively done the body 
should be capable of presenting a large quantity of surface, and be a good conductor of 
heat ; as when power is to be obtained by condensation the more rapid the condensation 
is the more power is obtained. It may be easily proved that if steam were so condensed 
as. to lose only equal degrees of elastic force in equal times during the action, half the 
power would be lost. (See art. 294.) This is the cause of the failure of every method of 
slow condensation; it cannot be too prompt, unless a sacrifice of power is made in some 
other way to gain that promptness, and to which the effect gained by condensation is not 
equivalent. 

281. — ^Water has been found the most effective cold body for condensation ; it has 
great specific heat, perhaps greater than any other body ; it is a rapid conductor of heat, 
and in a jet it applies an immense proportion of cooling surface to the steam. 

Now since water is frequently difficult to be procured of a low temperature, and some- 
times not in sufficient quantity, it becomes important to inquire what effect is produced by 
given proportions at given -temperatures. 

282. — ^The weight of the water, W, required for condensation, multiplied by the quan- 
tity x~-titB temperature is raised, gives the heat it absorbs; and, in the steam engine, 
where the operation is repeated in the same vessels, and at the same temperatures, the 
excess of the temperature of the steam T — x above that to which the condensing water is 
raised added to 1000, and the sum multiplied by the weight to of the steam, must be equal 
to the heat absorbed by the condensing water. That is 



W 



( a: - < ) = IT ( 1000 + T — .r ) 



m;(1000+ T- a:) ^ , «; ( 1000 + T ) + F ^ 
or,— ^ -' = W, and — ^ ,J , ^— = x. 

283. — When the temperatuire of the condensed water is equal to the temperature of 
the steam, the quantity of water would be equal to that which simply reduces the steam 
to water without change of temperature ; or 

1000ir_ 
But in this case no effect would be obtained. Any greater quantity of cold water reduces 



• To make this equation general, let i be the specific heat of the condensing body, and C the beat of conversion, and a' 
the specific heat of the body in Tapour, then Wf(ff — t)ast0i'(C +T — c). 

X 
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the elastic force, but it must be so far reduced as to render the accession of power more 
than equivalent to that required to work an air purap, and cover the expense of a sup- 
ply of water, and the extra cost of the engine. 

284. — In low pressure steam T = 220^, and t may be taken at 52^ the mean tempera- 
ture, and if the temperature of the condenser be 100^, then 

w(1000 + T — «) tr( 1000 + 220 — 100) ^^, ^ 

x^ t 100 — 62 - -^ IT - n. 

That is 23 i times the quantity of. the water required for steam, will be the quantity 
of water necessary for condensation. And since a cubic inch of water produces about a 
cubic foot of steam of the rarity, it is the cylinder of an engine working at this tempera- 
ture, and one-tenth being added for each foot of the capacity of the stroke, 23 i x 1*1 is 
25| inches for each foot of the contents of the stroke of the cylinder.* 

If a; =s 130°, it requires of cold water only fourteen times the weight of the steam to 
condense it, and for 120' it requires 16-2 times the weight.f 

The force of steam at 100* is 2-08 inches of mercury, its force at 130° is 4-81 inches ; 
consequently, the gain of power is 2-73 inches, or about one in thirteen, by condensing at 
the lower temperature. 

If the temperature of the cold water be 70°, and of the condenser 130*, then we find cold 
water eighteen times the weight of the steam will condense it; and that it requires thirty- 
seven times the weight to condense at 100<^, when the cold water is at 70''. 

286. — ^From these equations the comparative effects of different temperatures may be 
calculated, and the economy of using or sparing water will be known and acted upon, 
instead of the usual method of endeavouring to get the greatest power of the steam in 
places where water is Expensive. 

When steam is of considerable density it does not condense freely ; the reason is ob- 
vious, the same surface of injection water acting on steam of greater density, and conse- 
quently containing a greater proportion of heat, it abstracts the heat more slowly. To 
avoid this the condenser should be so large that the steam may expand to the bulk cor^ 
responding to a pressure not greater than about one atmosphere and a half. But it is 
better to make the steam act expansively in the cylinder, by Watt's method, (art, 27.) 
or expand in a second cylinder by Hornblower's method, (art. 32.) 

When a lower temperature than 180** cannot be obtained by condensation, it is not worth 
the extra expense, and at 180^ we have for low pressure steam 

w ( 1000 + 220 — 180 ) __. 

18nrTr62 =W=8ir, 

• Mr. Watt sayi t wine piat, or 28} inches is " amply sufficient." Robison's Mech. PhU. Vol. II. p. 147. 
t The usual temperature is about 120* , or just what the hand can bear. 
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uearly; or eight times the quantity of water required for steam will be necessary to 
condense it. 

286. — These computations apply to where condensation is made in a separate ves- 
sel, the first idea of which we owe to Mr. Watt. When the condensation is made within 
the cylinder, the metal of the cylinder has to be cooled down to the temperature of con- 
densation as well as the steam, and a large proportion of the steam is lost in heating 
it again at each stroke. The means of obtaining a maximum of useful effect from con- 
densing in that manner has been shewn, (art. 165.) 

287.— To find the quantity of water for injection into an engine condensing in the 
cylinder, the formula is the same as when a separate condenser is used, the difference 
being in the quantity of steam required ; and the water for condensation is greater than 
when Watt's condenser is employed by 

14 t (T - x) 

for each stroke, when i is the weight of the mass of iron contained in the cylinder. 

288.— The following tabular view of the modes of condensation may perhaps pre- 
sent it in a clearer view to the reader than any other kind of concluding summary. 

ri .u 11.. ( Savery in 1698. 

I J. m tbe vessel where its power is exerted < i.. 
Steam may be condensed-?^ pewcomeu m 1706. 

^2. m a separate vessel Watt in 1769. 

1. by projecting a cold fluid against the vessel con- 
taining i* Savery. 

2, by injecting a cold fluid among it - - - . Newcomen. 

Steam may be condensed ^ ^' ^^ "^P^^^^ '' ^ '"''8^ ^^'^^^ ^^ '^^^ «"'^« ^'S Watt. 

^"«8 •--.- - ( Cartwright. 

4. by the pressure of cold fluids against the vessels 

containing it Perkins. 

1 5. by the union of two or more of these methods. 






SECTION IV. 



OF THE MECHANICAL POWER OF STEAM, AND THE NATURE, GENERAL 
PROPORTIONS, AND CLASSIFICATION OF STEAM ENGINES. 

289. — The force of steam when confined, according to its density and temperature, 
and (he circumstaQces which affect its motion, liaving been considered, our next object u 
to inrestigate the power of steam to produce useful effect, and in this purpose 1 am desir- 
oils of proceeding with the simplicity and fulness this important subject requires. 

Fig. 15. 



Of the Povoer of Steam, and the Modet of obtaining it. 

290. — The generation or production of steam, it has been shewn, 
takes place on the application uf heat. Coiiceire a cylindric ves- 
sel, A B, to be placed in a vertical position, with a given depth of 
water in it; and an air>tight piston on the water balanced by a 
weight equal to its own weight and friction' In this state let heat 
be applied to the base, A C, then as the water becomes converted 
into steam, of slightly greater force than the atmospheric pressure, 
the piston will rise till the whole of the water be in the state of 
steam. It will be remarked, that the generation of this steam of 
atmospheric elastic Jbrce afibrds no power, the motion being barely 
produced; it has simply balanced the column of atmospheric air, 
and excluded it from a given height of the cylinder. 

391. — By Condensation. — But in this state of things if the steam 
be suddenly condensed into water again, it is obvious that tbe piston 
will be impelled by a force equal to tbe pressure of the atmospber« 




■^^ 
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the elastic force of tlie atcnm, the ]ess is the lose by neglecting' to co(ideiise it under these 
circumstances; but, it may he remarked, that unless the valve aperture be equal to the 
diameter of the cylinder, the stenm cannot escape at the necessary rate without part of the 
load acting; to expel it; and so much more of the effective force will of course be lost. 
The effective power is as the space the steam occupies, multiplied by the excess of 
elastic force above the atmospheric pressure, 

297. — By Expansion. Retaining the same loaded piston let it be raised by the con- 
version of a given quantity of water into steam, to the height which corresponds to the 
load and temperature; then if the load on the piston be wholly removed at that heighti 
the steam will raise the piston by expauding till it becomes nearly of the same elastic force 
as the atmosphere, and its condensation will produce the same efiect as if the steam bad 
been generated of atmospheric ela-stic force at first; consequently, the effect in raising tha 
load on the pistou is wholly additional, ant! the joint effect of a high pressure and con- 
densing engine is produced by the same sleam. The effective power of steant applied in 
this manuer is equal to the space it occupied, as high pressure steam, multiplied by 
the excess of its elastic force above the ntmospheric pressure, added to the amount arising 
from multiplying the space it occupies when of atmospheric elastic force by the atmos- 
pheric pressure. Hence, by this combination of effect, the power of steam of high elastic 
force will be nearly doubled, 

298. — This is not, however, the mode by which steam can be applied with the greatest 
advantage ; for instead of removing the load on the piston wholly at the height to which it 
waa raised by the generation of the high pressure steam, a part of it may be removed, 
and then the steam would expand to a height depending on the portion of the load re- 
moved ; at that height remove a second portion, and so on, successively, till the steam 
becomes of atmospheric elastic force. In this case, as far as the load was raised in parts 
by the expansion of the steam, the effect is greater than in the preceding combination ; the 
mode of calculating it will be afterwards shewn, but the principle is that of the expansiun 
steam engines. 

299, — The preceding is not the only mode of deriving advantage from expansion; 
indeed it is only a late discovery, and most probably belongs to Woolf as far as be was 
capable of understanding it. The methods of Hornblower and Watt only apply to the . 
case now to be considered. Let the piston be raised unloaded, as in the first case, by the 
conversion of a certain quantity of water into sleani of atmospheric elastic force. Wheu 
the piston is at that height, add a weight equal to half the atmospheric pressure to the 
line passing over the pulley; then the elastic force of the steam being unbalanced, the 
piston would rise till that elastic force would be half the atmospheric pressure, or till the 
piston would be at double its former height. Now conceive the steam to be condensed, 
and the weight removed from the pulley at the same instant, and the power of the descent, 
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less tbe power added to produce the ascent, will be one half more than by simply condens- 
ing steam of atmospheric elastic force ; and even this ratio may be increased by adding the 
weight in portions to the line over the pulley, and diminishing the elastic forces of the 
steam. This is the principle of the expansion engines of Homblower and Watt. 

300. — It has been assumed that steam at least of atmospheric elastic force was gene- 
rated, but this is not a necessary condition, for it frequently occurs that engine^ work with 
steam of less elastic force. Tbe same mode of illustration will shew whence this happens. 
Let half the pressure of the atmosphere on the piston be balanced by a weight over a 
pulley. Then on the application of heat, steam of half the atmospheric elastic force would 
be generated, and raise the piston to double the height that it would be raised by 
steam capable of supporting the atniospheric pressure; consequently, on its being con- 
densed, the descending force will be half the atmospheric pressure acting through 
double the height; and the steam produces the same effect as before. 

We shall have occasion to shew the value of this principle in r^^lating the power of 
atmospheric engines. 

301. — In all these illustrations of the modes of obtaining power from steam, I have 
taken the atmospheric pressure as one of the active forces ; in some cases steam pres- 
sure is employed in practice, but the difference in employing this or that kind of pressure 
is dependent on other circumstances than its force, such as the rate of cooling and the like, 
and does not affect the relations of the forces of steam acting with only small alterations of 
temperature. 



Clf computing the Patoer of Stetxm to produce rectilinear Motion. 

902. — If we suppose the force of steam in a cylinder to be equal to the mean pressure 
of the atmosphere, we may easily compute the power of the steam of a given quantity of 
water, as far as it possibly can be obtained by condensation, and not acting expansively. 
Thus the space occupied by steam of 212^, is I7I1 times the bulk of the water which pn^ 
duces it,(art. 120.) when it is capable of resisting the mean pressure of the atmosphere, and that 
mean pressure is 2120 pounds on a square foot; hence, I71I x 2120 == 3,627,820 pounds 
raised one foot by the steam of a cubic foot of water. Or multiplying by the area of a 
drcle whose diameter is unity, we have ^,860,000 pounds raised one foot for the utmost 
power of a cylindric foot of water converted into steam. To deduct from this there is the 
waste, the friction of the piston, and the resistance of the uncondensed vapour. I shall not 
attempt at present to compute the extent of these deductions, for it would be premature, 
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bnt shall give an analytical form to the calculation for the purpose of applying it to the 
expansive and other species of ensrines. 

903.— If/ be the force of the steam in inches of mercury, and t be its temperature 
the weight of a cubic foot in grains is* 

5 700 / 
459 -h t ' 

Now a cubic foot of water at the lowest temperature it is likely to be when condensed, 
will be 4369600 grains ; hence, 

436500 ( 459 + / ) _ 
5700/ "" 

the bulk of the steam when that of the water is unity ; or 

76*58 (459 + 
/ 

Now neglecting the taking of an unit for the bulk of the water, we have lQ*lbf = the 
force of f team on a square foot; and 

7075/x 76-58(^9+0^5418(459 + = 

the pounds one cubic foot of water converted into steam, of the temperature tj would 
raise one foot high, without reduction for loss by friction and uncondensed vapour, or 
waste. 

This conclusion that the power of steam is independent of its elastic force, is the same 
as resulted from the more popular mode of investigation, (art. 294.) 

304* — But ify^ be the force corresponding to the temperature of the condensed water, 
or of the condenser, then 

5418 ( 4 59 4- < ) /' 
" / 

the resistance. 

For the condensed steam is limited to the space which the whole occupied in its elastic 
state, and therefore offers a resistance proportional to its force acting through that space. 
But we found the space 

76-58 (459 + t) 
and the force is 70*75 f" ; consequently, the resistance of the uncondensed steam is 
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5418 (469 -f i) f 

7 • 

d05^--For the present let the waste be I — tr, and the friction of the piston be denoted 
by F, then the power of the steam of a cubic foot of water of the temperature *, is 

5418(459 4- Ou.--^^^"<^"y^-^^^"=: 

5418 ( 459 + O t^ X ( 1 — -^li-I ). 

906. — ^We may next ascertain the eflect of expansion ; which is easily computed, for, 
when the temperature does not sensibly alter during the action, the force of the steam is 
inversely as the space it occupies ; therefore if 6 be its bulk, and p its force, and x any 
Fariable increase of bulk, and 'x its fluxion ; then 

b + X : b : : p : p-- — ; and ^-- — = 

the fluxion of the power developed in expanding through the space x; and the fluent of 
this quantity is p A x hy. log. ( 6 + ^ ) + C ; but when x = o, p 6 x hy. log. (b -^ x) 
-f C = o ; hence, the power is 

6' + or 
p b X hy. log. -^-^ — . 



But, to return to our previous notation, make x =s n — 16; and b = 

TfrSS (459 + <) 
7 ' 

and p = 70*76 J*; consequently, 

p 6 X by. log. "T^ = 5418 (469 + t) x by. log. n =s i 

s the additional power gained by the steam expanding. 

807.— -When the expansive principle is employed, that is, if the steam be to expand 
during its action on the piston, an increased length of cylinder becomes necessary ; and 
the reduction of effect which must follow from this cause has been totally overlooked. If 
M be the bulk of the steam in its expanded state, when its bulk corresponding to the force 
/ and temperature t is unity, then 

Y 
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6418 ( 459 + O •^ X ( 1 - ^ </y- ^ ) ) + • = 

the mechanical poorer of a cubic foot of water, when f is the additional power gained by 
employing the expansion of the steam. 
On the value of e being inserted in the equation it becoines 



5418 ( 459 



+ O M' X ( 1 + hy.log.n - "* ^^y" ^ ^ ) = 



the mechanical power of a cubic foot of water, when the expansive force of the steam is 
employed. 

908.«-This equation has a maximum, which will be when 



hy. log. If ^—^ 



a maximum. That is, when 






Consequently, we shall have the greatest possible quanti^ of mechanical power when 

/ 

r+r 

is inserted for n ; or 

/ 



6418 ( 459 + O tc X hy. log. 



/' + F 



the mechanical power. 

And where a table of hyperbolic logarithms cannot be conveniently referred to, the re> 
suit may be obtained by multiplying the logarithm of 

/ 



/' + F' 



found from the common tables of logarithms, by 2«802585, which will give the correspond- 
ing hyperbolic logarithm. 

309^— In the best constructed engmes, the waste of steam is not less than one-tenth ; 
and, to get the extreme power of the steam of a given quantity of water at this rate of 
waste, we have 1— -rv^tos^P; and the equation becomes 
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4876 (459 + t) x hy. log. yr^ = 

the greatest possible power the steam of a cubic foot of water can afiprd, when acting 
expansively. 

310.— In like manner taking the same loss by waste, we have from (art. 304.) 



4876 ( 459 + O x ( 1 - " ^^ 1" ^ ) = 



/ 

the greatest possible power of the steam of a cubic foot of water, when the expansive 
power of the steam is not used. Consequently, 

is equal to the gain by employing the expansive power. 

311. — ^Though these equations shew us the limits of steam power, and are fittest for 
illustrating the advantages or disadvantages of difference of temperature, and elastic force, 
clearly exhibiting the economy of using steam of considerable elastic force, yet they still 
require to be applied to engines of different species,* This will be done in Sect. V. and 
YI. but before I quit the illustration of general principles, it will be desirable to inves* 
tigate the rotary action of steam^ 



Clf computing the Power of Steam to produce Rotary Motion. 

312. — In a great variety of the cases where steam is employed, a continuous circular 
motion is to be produced, and it is very generally imagined that a great advantage would 
be gained if the rotary motion were produced by the direct action of steam, instead of 
bemg obtained by the intervention of moving parts, for converting the rectilineal motion 
produced by steam into a rotary one. 

But the fact of every person who has attempted ta produce an engine acting by the 
rotary power of steam, having in a greater or less degree failed in rendering it as effective 
as a reciprocating engine, makes the theoretical [principle of rotary action, an interesting 
subject of investigation. 

• A series of tablet calculated by these fonnulc were published in my Treatise on Rail Roads, p. 161-^-166. 
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31 9L — Conceive a piston, D E, to be fitted to a reffularlr curved vessel A fi, so that it 
may move round C, the centre of curvature of the vessel, and consequently the centre of 
motion. Now whether the piston be moved by the force of high pressure steam, or other* 
wise, the pressure on an inch of area of the piston, will be equal on all its parts ; that is, 



Fig. 16. 




V 
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•••«•••••••• 

^ 






the pressure on an inch, at the most distant part D from the centre of motion, is the same 
as the pressure on an inch at the part E, nearest to that centre. But since the piston is 
constrained to move in a circle, the effects of these equal pressures are as their distances 
from the centre of motion, and limited by the effect of the pressure at the most distant part 
D. Hence, if the effective pressure of the steam be ten pounds on the inch, we have 

D C : E C : : 10 : ^— — - = 

the effect at £, that at D being 10. If the centre of curvature C, were nearer to the side 
of the vessel, the effect at E tvould be less ; therefore, the effect of the pressure to jntKluce 
motion, is less than in a straight vessel, having the same base ; and if the bases be the 
same, the space the pressure acts through will be as the quantity of sleam. Consequently, 
the quantities of steatn being equal, the power of rotary action will be less than that of rec- 
tilineal action. 

314 — If a rectangular piston, D C, revolve round a centre C, then nearly half the 
power of the steam will be lost. 

This trough inquiry will be sufficient to shew that much is lost by attempting tb em- 
ploy the rotary action of steam, besides the various other objections arising out of the ex- 
cess of firiction, and the difficulties of executing the parts so as to act properly ; usually 
called (>ractical difficulties. 
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316.-^To condacl the inquiry so as to reduce the effect to more accultite iriea* 
sures; put 

cf = D £ the diameter of the piston ; 
r = E C, the radius of the interior circle; 

X = any variable portion of the diameter of the piston counted irom £ ; 
y = the breadth of the piston, and 
y*= the force of the steam on an inch of area. 
Then r + rf = D C ; and as 

r + d:r + x ::/- /'' ;,' = 

the force at any point at the distance x from E ; and 

r -it d 

the fluxion of the pressure at that point; and the space described being 2|i ( r + x, ) we 
have 






the fluxion of the power. 

When y is constant the fluent is 



'^vSy{jr^rxy 

3(r + rf) ■*" ' 



and making this equation nothing, when, x ^ o^ that is when the power is nothing, we 
have 

Pfy^ ^ ( 3 r« ar -f 3 r ar« -f x» ) ; 



3(r + d) 
and when or = cf, 

the power of the steam acting in a rotary direction, the piston being a rectangle d y. 
316^— >If the piston D C revolve on an axis in the centre C, then t ^ o^ and 

3 "" 

the rotary power. 



or as 
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But the space occupied by the steam is/ii{(2r 4- df)y, and its rectilineal power is 
pfd ( 2 r + d)y. Hence the rectilineal is to the rotary effect of the steam as 

r '\' a 

When r = O9 or the piston rerolres on a centre, then the ratio becomes 3 : 2, or one- 
third of the power is lost ; the same conclusion resulting however the steam acts. 

317. — We have supposed the piston to be of parallel width, but in some schemes it 

has been made circular ; and in such a case the valve of § 2^ is ^ -d x — a^* Cou-^ 
sequently, 



^ Pf( r + ^)* ^/d X ^ X* X 



r + d 
the fluxion of the rotary power. Its fluent is 



the power when x =z d. 

This is a little less than the effect of a rectangular piston. When the piston revolves 
round an axis in its edge the rectilineal power of a given quantity of steam is to its rotary 
power as 3*2 : 2. In the rectangular one it was as 3 : 2. Hence, we see there is no possi- 
bility of applying steam with the same advantage in a rotary, as in a rectilineal engine ; 
and, even to approximate to it, the radius of the circle described must be great in compa- 
rison with the diameter of the piston, and consequently difficult to execute. To employ 
any other than a circular form for the piston, would cause more friction, and expose a 
larger portion of surfece to the cooling effect of the atmosphere. These are radical object 
tions to the rotary action of steam that cannot be removed by art. 

318. — It is so obvious, that it is not necessary to shew, that the impulse of steam cannot 
be employed without great loss of fuel, we may, however, take a general view of the modes 
in which the action of steam may be applied* 



Modes of applying the Power of Steam. 
319.— The arrangement being presented in a tabular form will be more clear than in 
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continued description ; the modes of obtaining the different species of power, and the mea- 
sures of their effects, have already been explained ; for condensation in (art. 291.) for gene- 
ration in (art 295.) and for expansion in (art. 297.) 



320. — ^The action of steam as a moring'^ force is detiTed irom 



1. the generation of steam. (Worcester.) 

2. the expansion of steam. (Homblower.) 

3. the condensation of steam. (Saveiy.) 



r gencratioo. 
separately < condensation. 



Of the species of action there may be used 



or jointly 



\ 2 and 3. ( 
^ 1, 2, and 3. 



and 2. 

and 3. (Savery.) 

(Homblower.) 
(Woolt) 



The action may 



I by I 



by pressure 
impulse. 



( a solid, (Newcomen,) *) . . ( 

The action may be exerted on ^ > it may be < 

' (.a fluid, (Worcester,) 3 I 



continuous, 
successive. 



The motion of the surface acted upon may 



be in a •< 



straight line, 
curved line. 



32L — The pressure of steam is the kind of action which is employed in practice ; and 
the reasons for giving the preference to rectilineal motion have been shewn, (art. 317.) In 
order that it may be economically employed, it is found that a solid is best adapted to re- 
ceive its action, fluids being liable to decompose by contact with hot steam, or to condense 
and waste the steam. And, in consequence of a cylinder being the figure adapted to the 
object, and possessing the greatest capacity with the least surface, and therefore having the 
least loss both by cooling and by friction, it is almost universally employed. The action 
is necessarily successive to render it rectilineal ; but all the species of action are used 
either jointly or separately. From these species of action therefore the engines may be 
classed. 

322. — It will be remarked that steam must be either condensed, or generated 
under pressure, to afford power by expansion; hence, engines may. be divided into 
two classes, depending on condensation being used, or not ; this armngement being most 
convenient. 
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Chusificatum of Steam Engines. 

_^_ _ „ , . ^ V *!. r !• generative power of iteam. 

323.*— I. Non condensing engines acting by the < 

i, t. generation and expansive power of steam. 



394.— U. Condensing engines acting by the 



1. condensation of steam. 

8. condensation and expansion of steam. 

3. generation and condensation of steam. 

4. generation^ expansion, and condensation of steam. 



325. — All the engines of the first class, and the third and fourth kinds of the second 
class, require high pressure steam. Engines of the first class are remarkable for simplicity 
of construction, but they never gfive the whole of the power of the steam. . Eng^es of the 
second class require a considerable quantity of cold water for condensation, and therefore 
in some cases cannot be applied. The greatest effect is obtained by the second and fourth 
kinds of the second class ; or rather it is only in these two species, that the whole power of 
the steam is obtained. 

326. — ^In both classes there are certain proportions between the length of the stroke, 
and the diameter of the cylinder, and between the length of the stroke and the velocity ; 
which g^ve a maximum of useful effect to a given quantity of steam. These being con- 
sider^, and also the proportiotis of the additional parts required in condensing engines, the 
general rules fof* the power of engines may be given. 



Of the Ratio between the Length of the Stroke^ and the Diameter of the Cylinder. 

827. — ^The relation between the diameter of a steam cylinder and the length of the 
stroke, and codsequently the proportions of the cylinder, have now to be considered. If 
all the apertures, and all other parts be duly proportioned, and the velocity r^;iilated 
so as to be esteemed uniform, then there is no circumstance relating to the motion^ which 
has any influence on the proportions of the steam cylinder, excepting the small diflerenoe 
arising from the friction not increasing exactly in the same proportion as the square of 
the diameter; and this difference is so small in ordinary proportions that we may safely 
neglect it 
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328.— -The only other circumstance which renders it necessary to attend to the pro- 
portions of a cylinder is, the quantity oJT cooling sarfece to which the steam is exposed 
during its action. This surface ought to be the least possible ; for its effect in condensing, 
and therefore destroying the power of the steam is considerable. (See art. 166.) 

The quantity of surface consists of one end of the cylinder, one side of the piston, and 
the concave surface of the cylinder ; but the latter is only gradually brought in contact 
with the steam during the stroke, and its effect, therefore, only equivalent to half the efiect 
on an equal surface bounding the steam during the whole of the stroke. Now the power 
of an engine is greatest when the effect of a given quantity of steam is the most possible ; 
hence, the- question is, to find the least surffice capable of confining a g^ven quantity of 
steam during its action. 

929. — When the length of the stroke is twice the diameter of the cylinder, a given 
quantity of steam is bounded by the least possible quantity of surfieice during its action in 
the cylinder ;* hence, I conclude it is the best proportion for the cylinder of a steam engine, 

* Let tbt diameter of the cylinder be x, its length I, its capacity C, and p = 3*1416. Then, 



and therefore 



Now the sum of the areas of the bases is 



and the area of half the concave surface is 






px\ 



plx _ 2 C 



• 



2 X ' 

hence, the whole surface of the steam expoied to cooling surfaces during its action is 

and this surface is to be a minimum, which is determined by taking its fluxion and making it equal U zeio. Tliat is, 

2Ca- . 

p .X. X -^ = 0; 

whence, 
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except when tbe space for the engine limits the length of the stroke; and the same conclu- 
sion applies to both atmospheric and steam pressure engines. 

390.— If we refer to the practice of engine makers, we' find no indication of a settled 
rule for the proportions of the cylinder, when the length of the stroke is unlimited by con* 
venience. The proportions followed at different times by Boulton and Watt, in cases 
where the stroke was not limited, vary from 1 i to nearly 3 to 1, the most common about 
2*7 to 1, the changes having no regularity. In Smeaton's table of tbe proportions of at- 
mospheric eng^es*, the length of the stroke is made to vary nearly as the square root of 
the diameter, and commences at the lower part of the scale with the proportion of 4 to 1 ; 
why the square root of the diameter was fixed upon does not appear. Equally irregular 
are Maudslay*s proportions but approaching to 2 to 1 ; Fenton, Murray, and Wood's 
about as 2 i is to 1. The object seems to have been to render the velocity nearly the 
same in all engines ; the circumstances which reguhite the velocity may therefore next be 
considered. 



Of the Maximum of useful Effect in Steam Engines* 

331. — In steam engines there is a certain velocity for the piston which g^ves a 
maximum quantity of useful effect. 

In an engine already constructed, the velocity which gives the most useful efifect that 
the engfine is capable of producing, is limited by the proportions which have been g^ven 
to the parts of the eng^e. 

But in an engine to be designed, all the parts should be arranged to agfree with tbe velo- 
city which g^ves the maximum effect of a given quantity of steam : the difference between 
these cases is considerable ; but in illustrating each by example, I shall have an opportu- 
nity of shewing that a general rule could not be derived from experiments on a particular 
engine. 



2 C 



f 9 -s • 



and tuhttituting for C its equal, we bate 2 * sr / ; or a cylinder is of the best proportion when its length is twice iu di 
ameter. 
* Rees*s Cyclopedia, An, Steam Engine. 
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Of the Maximum for Engines equalized by a Fly, 

332. — Our most simple case for consideration is that where the pressure on. the piston 
is the same throughout its stroke ; and we must suppose the fly, conjointly with the mass 
of matter in the eng^'ne, to be so proportioned as to render its velocity as nearly as 
possible uniform. 

Then the g^reatest uniform velocity the engine could possibly acquire, would be equal 
to half that which a falling body would acquire in descending the length of the stroke; 
and with this velocity the work done would be nothing ; as the whole force of the steam 
would be expended in keeping the engine moving at that velocity. 

It must be evident that a regulated or uniform velocity cannot be greater than half the 
velocity a falling body would acquire in descending the length of the stroke, because with 
any other velocity the mass moved would not be capable of receiving and imparting equal 
quantities of motion in equal times, a circumstance essential to the uniform motion of an 
engine moved by an uniform force. 

333. — As at the greatest possible velocity an engine has no useful power, and, on the 
other hand, if the resistance be equal to the pressure of the steam, it will have no velocity, 
there must be an intermediate velocity which is the best possible for the engine to work 
with ; and this velocity is one-half the greatest uniform velocity.* Now the velocity a fall* 
ing body would acquire in descending through the length of the stroke is equal to eight 
times the square root of the length of the stroke, in feet per second ; therefore the velocity 
which corresponds to the maximum of useful effect, being one*fourth of this velocity, is 
twice the square root of the length of the stroke in feet per second, and 120 times the 
square root of that length in feet per minute. 

834. — ^Hence, for engines regulated by a fly, if the pressure on the piston were the 
same throughout the stroke, the best velocity for the piston in feet per minute would be 
120 times the square root of the length of the stroke in feet. 



* Let V be the greatest uniform velocity'; m the force producing it ; and w =» the mass of matter by which it is ren- 
dered uniform ; v being any other velocity. In this case m v — w «= the efiective action ; and since m v ■■ V w, it is 

i» V v — m r* 



the effective part which is to be the greatest possible. 
The fliudon of the variable part isVv — Svvsso when the expression is a maximum ; whence, V ■■ 2 v. 
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That 189 if the length of the stroke be four feet, the square root of four being two, the 

velocity for a four feet stroke is 2 x 120 = 240 feet per minute ; but the action of the 

valves not allowing this perfection, almost all engines belong to the next case. 

335. — If the steam act expansively the velocity must be less, because the pressure on 

the piston varies, and the uniform motion the steam would generate in the length of the 

stroke would be less. 

336. — ^In a steam engine where the steam acts expansively, the supply of steam being 

cut off at the 

1 

n 

part of the stroke, the best velocity for the steam piston will be found by multiplying 
the 

n 

part of the length by *7 added to 2*3 times the logarithm of n; then 120 times the square 
root of the product is the velocity in. feet per minute.* 

Example. Let the steam be cut off at one*fourth of the stroke, then n = 4 ; and let 
the length of the stroke be eight feet. The logarithm of n is 0*60206; therefore^ 
0*60206 X 2-3 + -7 is 2*0845, which multiplied by one-fourth of the length, or 2, is 4*I6a 



* It hu been shewn Cait. 306,) that the expanding power of steam is 

pb xhy. log. —j^, 

which added to the uniform portion, and the resistance r from friction and uncondensed vapour being subtracted, h ia 

p b ( 1 + hy. log. -i-? - r ) = 

th. power; bat 6 •f' i ^ I tlte length of the stroke, and 



n 



hence, 

pi 



n 
the power. In ordinary circumstances r =s '3, consequently. 



( 1 + hy. log. n—r) 



% .on A 



J20v — (-7 +hy.log, n) = 



n 



the Telocity in feet per minute. 
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The square root of 4*169 is. 2*04; consequeDtly, 2*04 x 120 s 245 feet per minute, the ve- 
locity for an eight feet stroke when the steam is cut off at one-fourth of the stroke. 

337. — In the usual construction of engines not intended to act expansively, put n = i; 
and then 103 times the square root of the length of the stroke. 

For steam engines working expansively at the ordinary pressure of about eight pounds 
on a circular inch of the safety valve of the boiler, the best proportion for cutting off the 
ateam is about half the stroke, and then the rule becomes 100 times the square root of the 
length of the stroke in feet, for the best velocity in feet per minute for the steam enguie. 

Other general rules may be easily derived from the investigation in the notes. 

338. — In single acting engines, r^ulated by a fly, the same relation would obtain be- 
tween the length of the stroke, and the velocity of the piston ; but such engines cannot be 
used with advantiCge for producing a continuous motion. 



Of the Maximum of useful Effect in Engines for raising Water. 



339. — In single engines for raising water we have two strokes to consider, of different 
species; the piston being caused to ascend by a counter weight, which should be capable 
of raising the piston in a short time without adding materially to its load in the descent : 
and the descending stroke should not be slower than gives the maximum of useful effect, , 
because in both cases, a considerable loss of the power of the steam is taking place during 
its action. 

340. — In the ascent of the piston it must be evident that it should never acquire a 
greater velocity than one which the steam can follow, so as to press it with a force nearly 
equal to the pressure of the atmosphere ; and when the apertures for the steam are ar- 
ranged^ for the descending stroke, the ascending one will be regulated by the passage of 
the steam through the same apertures, and if this be the case, and in the present construc- 
tion of these engines it always is so, our inquiry may be confined to the descending 
stroka 

341. — ^The descent of the piston, if the effect of the steam alone were considered, it is 
obvious, should be determined by the condition which gives the greatest effect by a given 
quantity of steam ; but it is dependent on the resistance of the water increasing as the 
square of the velocity, and the decreasing effect of the steam in the simple ratio of the in- 
crease of the velocity. 

342. — Now we may be allowed to consider the motion an uniform one, as it is nearly 
so during the greater part of the stroke, and then when the steam acts at full pressure 
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during the whole of the descent, the velocity in feet per minute should be ninety-eight 
times the square root of the length of the stroke.* 

343. — ^When the steam acts expansively, the velocity may be found from* that of an 
expansive engine regulated by a fly, (art. 336 to 338.) as 0*8 times that velocity will be 
the proper velocity for an engine for raising water. 

Thus we found the velocity for an eight feet stroke, in an expansive engine where the 
steam was cut off at one*fourth of the stroke, to be 245 feet per minute, (art. 336.) and OS 
of 245 is 196 feet per minute. 

In these investigations I -have not attempted to enter into those minute particulars 
which embarrass the calculation, without producing any material effect on the re* 
suit. 



Of the Proportions of Air Pumps and Condensers for Steam Engines. 

344.— The water used for producing steam, and for condensing it, contains a con« 
siderable quantity of air, and sometimes carbonic acid, and other gases. These gases 



* Suppose the aims of the beam to be of equal length ; the steam apertures being the same, the ascending and de- 
scending strokes should be made in equal times. The greatest possible velocity V will be generated when the resistance 
to the water in the pumps is equal to the counter weight ; and as the forces in both directions are to be equal, if m be the 
force producing the motion ; § m ss the resistance at the Telocity V ; and the resistance to motion in pipes being u the 
square of the Telocity, 

m V* 

the reustance at i^, to which the counter weight must be equal ; consequently, 

• HI v* 

mi; - -yT^ 

the effective power which is to be the greetest possible. 

• . 

The maximum takes place when V^v^'Sv^vsao, that is when 3t;«=cV«, orv = '677 V. To determine 

V, it may be remarked, that the motion commences Trith an excess of power, which diminishes by the increase of resistance, 

till the motion becomes uniform ; that the area of the passages of the valves are only half the area of tlie pump, and that 

the mass of matter moTed is twice the excess of moving foice ; hence, V * sb 8 s, and since 3 v ' s» V *, it is 

V = ^—=z 1-633 v^ 

When the velocity is in feet per minute, it is 

60 X 1-633 ^f = 98 ^9. 
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parate when water is boiled, and rise with the steam, hence, were there not some method 
provided to take the air away when the steam is condensed, the cylinder of a steam engine 
would become filled with hot air so as to impede, and in the end resist, the pressure of the 
steam. 

345. — To estimate, therefore, the proper size for an ah- pump, the quantity of air or 
other gas contained in water should be known. 

Experiments on this subject have been made by Mr. Dalton,* Dr. Henry, M. Saussnre, 
and Th. Ure. M. Saussure,t ascertained that boiling alone was not capable of freeing 
liquids completely from air, but that it may be done by the joint action of heat, and the 
air pump. In a steam engine both these causes operate in extracting air from the water 
introduced into the engine. According to his experiments 100 yolumes of water absorb 
about five volumes of atmospheric air. 

In an experiment made by Dr. Henry{ on spring water, he found that it afforded by 
boiling 4*74 per cent of gaseous matter ; of which 8*38 per cent was atmospheric air, and 
1*38 per cent carbonic acid ; but as it is probable that this water was fully saturated, it 
follows from Saussure's remarks, that a greater proportion would have been obtained if it 
had been subjected to the combined action of boiling and the air pump ; and the whole 
proportioii of gaseous matter in spring water could not be estimated^ at less than seven 
^T cent. 

Dr. Ure'sjl experiments were also made by boilmg different kinds of water, and measur- 
ing the result by a pneumatic apparatus, and at the temperature of about SS"* ; the pro- 
portions of gaseous matter in 100 volumes of water were found to be as stated belpw. 

Canal water (in winter) --------- 2*67 per cent 

Filtered river water supplied to Glasgow by the 

pipes of the Cranstonhill Water Company - 2*62 
Filtered river water from the pipes of the 

Glasgow Water Company ...... 2*50 

Water from the river Clyde, when swollen by 

winter rains •.•...••«. 2*80 

It cannot be supposed that in these experiments the whole of the gaseous contents of the 
water were obtained, but assuming that two-thirds of the total gaseous contents are ob- 
tained by boiling, the quantity will vary from 8*75 to 4*2 per cent; and therefore^ for river 



* Pmlot. Mag. VoL XXIV. 

t ThomoQ's Chemifttry, Vol. 111. p. 204, 



t Annals of PhiloMpby for 1815, YoL VL p. 3t9. 
II Quarterly Jonnul of Seiflooe, VoU XXI . p. 7K 



' ^ 
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and canal water, we may assume timt water ebntains five per cent of air, or Vv of itM 
volume. 

The action of pumping* it appears, from Dr. Ure's researches, expels a portion of air 
from water. 

846. — ^The preceding articles afford us data sufficiently accurate -for the general 
purposes of inquiry, and ih such inquiry we may suppose that, at the mean temperature 
and pressure. 

River or canal water contains -^ of its volume of gaseous matter. 
Spring or well water - - ,2^ 

347.— The quantity of water which enters into a steam engine will all of it give out 
nearly the whole quantity of air it contains ; therefore, calculating the volume of water 
used for steam at each stroke of the engme, and adding to it that used for injection in the 
same time, we have one-twentieth part for the volume of air at 60 ; but in the condenser 
it will be of the temperature of the hot well, or about 120''. and the quantity the air expands 
by this increase of temperature being calculated, (see art. 119.) the bulk is found to be 
5*6 per cent of that of the water, or Vr of the bulk of the water nearly. 

348. — Let the injection water added to the water of the condensed steam be ' of the 
volume of the cylinder for each stroke, then tV of -kV, or -rrv of the cylinder's volume of air, 
would accumulate at each stroke if there were no air pump. Now a cubic foot of air 
mixes with a cubic foot of steam, when both are of the same force and temperature; (art. 
122.) consequently, this air must accumulate and fill half the capacity of the cond^raer 
after a few strokes, and the capacity of the air pump must be such as will remove t^ of 
air, and .g^ of vapour, equal ttv» i^ order to get ricl of the air which enters at each stroke, 
when it is of such a degree of density that its force is equal to the force of steam corres- 
ponding to the temperature of the hot well. 

349. — If it be assumed that the elastic force of the uncondensed vapour is equal to 
two inches of mercury, and the air pump be equal to the condenser, then the bulk of the 
air and vapour being shewn above to be ^ro- &t the pressure of thirty inches, and the bulk 
being inversely as the pressure, we shall have 2 : 30 : : -rhr : A* 

Now the air pump has to clear the engine of -^ of the volume of the cylinder of air and 
vapour, and of -^ of its volume of water; the sum of these is, in the nearest fraction, ^ of 
the capacity of the cylinder for each stroke.* 

♦ Let 

a 

n 

be the volume of air contained in the injection water and the steam, t' = the temperature of the condenser, and/' the 
force of steam conesponding to it,/ bving the force in the cylinder. Then 
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960.*— in a double engine the air pomp makes only one stroke for each cylitider fiill 
of steamy but since the condenseir receives a new quantity to replace that taken by the 
pump there is no expansion: hence, iV part of the capacity of the cylinder of a double en- 
gine is the least proportion for the air pump, so that the engine may work effectively in 
the same manner as for a single engine* In both cases the condenser and air pump are 
supposed to be of equal size to render this proportion applicable; and that river water 
is used. 

351. — ^For well water the same mode of calculation gives about one-twelfth for the rela- 
tion between the capacity of the air pump and the cylinder. The usual proportion in 
Boulton and Watt's practice is one-eighth ; and as I have made no allowance for leakage 
nor imperfect action of valves, this proportion appears to be nearly correct for the case 
considered.^ 

352. — There is one thing very evident in this operation. It is that an air pump half 
the size would be as effective as the present construction, if we could condense in the 
pump itself; and 1 see no difficulty in doing so, and propose to shew its applicatiou to a- 
simple atmospheric engine. (See art. 400.) The advantage, however, will be better under- 
stood if we shew the power an air pump requires to work it. 

Pofoer required for working an ^ir Pump of a Steam Engine. 
353. — ^Let V «= the velocity in feet per second ; p' = the force of the steam or vapour 

fa / 459 + t\ _ 
/' n V 611 / 

the volome of air, and a :» that of water for each stroke. 

The oondenaer must contain both these quantities, and also what the pump leaves^ and with an allowance of half for 
leakage and imperfect action of the ralves, its least capacity must obyiously be 

f'n \ 611 ;-^'" V/'« ^ 511 }^ J 

. When the pump ascends the air will saturate with vapour, and become of twice its former Tolume, hence, if the air 
pump and condenser jointly contain it in this state, they will be of equal size, and the quantity required will be removed 
at each stroke of the pump. Putting ( ' =■ 100,/^ = 2 in. and/ ^^ 30, we have 

« / 16-5 ^^\ 
3«(-— +67) = ^ 

capacity of air pump ass condenser. 

If n m 20, as for river water, then 4*48 a as capacity of pump. 

If n s8 14, as for well water, then 5*S5 a :» capacity of pump. 

* In some instances air pumps for double engines have been made aboat two-thirds of the diameter of the steam cylin- 
der, and half the stroke ; such pumps are undoubtedly too large. 

A A 
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m pounds per circular inch ; r js the friction of the piston and piston rod and re^stance of 
the valves ; a = the diameter of the pump in inches ; and 



n 



the area of the valves. The head capable of producing the velocity n v through the valves, 
(see art. 1S6,) is n v = 6*6 v A* tuid 



42 



=ih. 



In a mixture of air and steam, at the mean force in such a pump, twenty-one feet in 
height is equivalent to a pressure of one pound per circular inch ; hence, 



a «ift 



21x42 



pressure in pounds, = 






Put / = the length of the stroke : 
The resistance to the desceni of the t>iston will be 



ra* I + 



882 






The resistance to the tucent of the piston will be found by considering that the air and 
vapour is compressed till its elastic force becomes of such an excess above the atmospheric 
pressure, that it escapes through the valve at the velocity corresponding to the motion of 
the piston. The friction of the piston and weight of the water is to be added; and the 
force of the vapour in its expanded state may be considered equal to the sum of the forces 
necessary to cause it to pass the valves. 

By (art. 906,) the resistance of the air and vapour is 

pb X (^l +hy. log. -tf y, 



and making fr + x = /, we have b » 



p't 



literetanf 
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f/(l+hy.Iog.^) = 

the power; and when the pressure of the atmosphere p = 1I'66 lbs. and the forc# of the 
vapour p' = *Tl lbs. or two inches of mercury, then 

'/>'(l+hy.log.-£7-)«=2-86/, 

very nearly. The quantify of water will be one-sixth of the capacity, or •OSS Z* a* 
pounds raised one foot Hence, the whole power required for the ascending stroke 
will be 

a- / ( 2-86 + -065 / + r ). 
354. — ^The whole power to work the pump is therefore 



— (2-85 + -086i + ^+2r) = 

the pounds raised one foot per second. 

Example. Let the velocity be 1*8 feet per second ; the diameter of the pump twenty- 
four inches ; the length of its stroke four feet ; the friction two pounds per circular inch ; 
and the area of the valves half the area of the pump. These numbers inserted we 
have 

2 4 X '24 X 18 / ^^— -2 X 2 X 1-8 X 18 ^ ^ . 

2 V^ "*■ '^^^ ^ ^ + 882 + 4 ) = 

518-4 ^9-85 + '22 + -0146 + 4 ^ s 3670 lbs. 

raised one foot per second. 

As 550 pounds raised one foot per second, is the steam engine horse power, hence, 

"550-^* 

horses' power nearly. The pump would answer for a double engine of about 134 horses' 
power ; therefore in this case about one-twentieth part of the power of the eng^e is re- 
quired for the air pump ; or one-tenth in the case of a single engine of the same sized cy- 
linder ; or a loss equivalent to thirteen horses' power in an air pump of the size in the example. 
To reduce this loss one-half by the mode proposed (in art. 352,) is certainly worthy of attention. 
355. — It is important to remark the circumstances which contribute to this loss of 
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power. The loss is proportional to the capacity of the pump, therefore the smaller it is the 
better, provided it be sufficient to take the air. The firictiou is four-sevenths of the power, 
the actual resistance of the vapour nearly three-sevenths, and that of the water about one 
thirty-second. The resistance is greater the smaller the passages and valves are, but such 
increase does not affect the whole power in a material degree. The increase of the size of 
the air pump, beyond the proportions I have given, can g^ve advantage only in an ill 
constructed and leaky engine; but its decrease, after a very short range, reduces the 
power considerably. 



SECTION V. 



OF THE CONSTRUCTION OF NONCONDENSING ENGINES 



356, — Nonconden^bg engines, usually called high pressure engines^ are moFed by 
steam generated under a considerable degpree of pressure, and it is the excess of this^pres- 
sure'aboye the pressure of the atmosphere, which constitutes their power to produce mo- 
tion. From thirty to forty pounds on a circular inch is the excess above atmospheric 
pressure, coounonly employed in this country. 

357. — The working parts of the engine consist of a cylinder, having passages provided 
with cocks or valves for steam to enter into it, either at the top or at the bottom ; and also 
the means of letting out the steam to the atmosphere, either at the top or bottom. The cy- 
linder has an air-tight piston, to be moved from one end to the other by the pressure of 
the steam, with a rod fixed to it, called the piston rod, which slides through an air-tight 
box at the top of the cylinder, to give motion to a crank or some other piece of ma- 
chinery. 

368. — Now, with steam in the boiler having a force of thirty pounds to the circular 
inch, if the piston be at the bottom of the cylinder, and the passage from the boiler to the 
bottom, and that to the atmosphere at the top, be bofh open, and the rest shut, the steam 
will exert a pressure of nearly thirty pounds on each inch of the area of the piston, and 
cause it to ascend* A little before it arrives at the top the cocks must be shut, and the 
moment it has got to the top the other two cocks should be opened. The steam from the 
boiler will then press the piston downwards, and the steam before let in will flow out into 
the open air. Again the passages must be closed a little before the completion of the 
stroke, and in this manner the operation may be continued. 

369. — ^The close of the cocks before the termination of the stroke prevents either con* 
cttssion agfainst the end of the cylinder, or strain on the crank shaft, and when properly 
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managed the elasticity of the steam destroys the momentum of the piston, and recoils it 
back without loss of force. 

This will afford the reader a general notion of the action of steam in n^ncondensing en* 
gines, and prepare him for entering more closely into their minutiae. I have divided them 
into two kinds ; and of the varieties depending on different forms of construction there 
is an immense number. 



Leupold, (art. 13,) 1720. 
Watt, (art. 26.) 1769. 



330. — Noncondensing engines. 

C 1. the generative force of steam. < "~ 'V.~ " 7 '"^ "1T,«/^ 

i * \ TYevithjck, (art. 66.) 1802. 

Acting by ^ / Evani, (art. 68.) 

§ ■ . , r Oliver Evans, (art. 58.) 

V 2. the generative and expansive force of steam. •< ^ , 

^ i. Taylor and Martineau. 



361. — Txr^i Species. When the power is derived solely from generating the $ieam under 
pressure^ (art. 295,) the construction of the parts constituting the engpine is very simple 
The common method is represented in Fig. 1, Plate IV. With the object of losing as little 
heat as possible by the cooling of the cylinder, it is generally placed partly within tbe 
boiler, and the steam is admitted and let out by a four-passage cock A, placed just without 
the boiler, with a throttle valve V to regulate the entrance of the steam. The steam escapes 
to the atmosphere by a pipe E, which is generally surrounded by water W, for the supply 
of the boiler, which has the effect of partially condensing the escaping steam, and facililat- 
ing its escape from the cylinder, as well as of increasing the temperature of the water be- 
fore it be admitted to the boiler. 

362. — ^This construction is defective, in as far as there must be an absolute loss of all 
the steam in those parts of the admission pipes which are between the cock and the cylin- 
der, and tbe gpreat density of high pressure steam renders the loss of power considerable. 
To avoid it, there should be two double-way cocks, one at the bottom and one at the top 
of the cylinder : or the passages may be opened and closed by a slide, as shewn in Fig. 8. 
where it will be obvious, that the spaces between the stops and the cylinder are as small as 
possible. 

363. — If we now trace the action of the steam, and the opening of the passages, we 
shall find to what points to attend in perfecting the operation of the engine. . In Plate IV« 
Fig. 1. represents an engine, of which C is the cylinder, and P the piston at the top raady 
for descending^ The motion of the cock A might end with the end of the stroke^ but the 
steam would be cut off, and indeed all the passages stopped when it is half turned. The 
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closing, when quickly done, commences sufficiently before the end of the stroke, to effect 
the recoil of the piston ; (art. 359.) and at the instant of its change of motion the 
steam is fully on it. The compression which the steam left in the cylinder receives 
when the cock is closed, is not only a means of changing the motion without loss of force, 
but also occupies the space at the end of the stroke, so as to require only a small quantity 
to refill it with steam. We might arrange the motion so that the cocks would be half 
turned, and all the passages closed just at the end of the stroke; this, however, would not 
be so good a method, as when the cock turns with proper quickness, there would be no 
sensible accumulation of steam to recoil the piston, and the force of that in the boiler would 
not be fully on, till a part of the stroke was made, and the waste at the terminations of the 
strokes would be greater. Hence, to complete the motion of the cock with the termination 
of the stroke, is the better method. 

364. — In the construction. Fig. I. at every double stroke there is a loss of the force 
of all the steam contained in the passages between the cock and the cylinder. This de- 
fect may be avoided by the use of the slide. Fig. 2, and 3. The motion of the slide should 
terminate with the stroke in the same manner as with a cock, and in this construction the 
recoil of the ;compre8sed steam is greater, because it has less space of passage to retreat 
into. Valves may be placed to give similar advantages, but slides or cocks are in my 
opinion better adapted to high pressure engines. 

366. — ^The modes of giving motion to the cocks, slides, or valves are various ; they de» 
pend chiefly on the nature of the action the engine is intended for. The same methods are 
applicable to engines of all species, and therefore are described together, (see Sect. VIL) 
The power is usually regulated by a throttle valve ; but more perfectly by means of Field*s 
valve, (see Sect. VIII.) 

306. — The Proportion of Parts. The length of the stroke of the steam piston should 
not if possible be less than twice its diameter, (art. 327.) The velocity in feet per 
minute should be 103 times the square root of the length of the stroke in feet, (art. 337.) 
And, as 4800 is to the velocity thus found, so is the area of the cylinder, to the area 
of the steam passages, (art. 154.) The strength, proportions, and construction of the 
parts are given in Sect. VII. and the methods of equalization and regulation in Sect. 
VIII. 

367. — 7%e Power of a ^oncondensing Engine may be calculated with considerable 
accuracy, from knowing the excess of the force of the steam in the boiler, above the atmo- 
spheric pressure, as shewn by the steam gauge, the diameter of the cylinder, and the velo- 
city of the piston. The effective pressure on the piston is less than the force in the boile^^ 
when that force is represented by unity. 
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First, by the force producing motion of the steam into the cy- 
linder, (art. 154.) ........... *0069 

Second, by the cooling in the cylinder and pipes, (art. 158.) *016 

Third, by the friction of the piston and waste ^ - - • . '2000 
Fourth, by the force required to expel the steam into the at- 
mosphere, (art. 154.) .......... <K)69 

Fifth, by the force expended in opening valves and friction of 

the parts of the engine .......... •06S2 

Sixth, by the steam being cut off before the termination of the 

stroke, (art. 363.) -- -1000 
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We may consider this 0*4, and then the effective pressure is 0*6 of the force of the steam in 
the boiler, diminished by the pressure of the atmosphere, whence we have the following rule 
for the power of an engine of this species. 

368. — ^RuLB. JFor noncondensing engines working at ftUl presmre. Multiply six-, 
tenths of the excess of the force of the steam in the boiler, less four-tenths of the- pressure 
of the atmosphere in pounds on a circular inch, by the square of the diameter of the cylin- 
der in inches, and by the velocity of the piston in feet per minute. The product is the 
power of the engine in pounds raised one foot high per minute.* 

To find its equivalent in horses' power divide by 33,000. 

Example. Let the diameter of the cylinder be eleven inches, and the length of the 
stroke 2*5 feet, the number of strokes per minute thirty-three, and the force of the steam in 
the boiler twenty-four pounds per circular inch above the atmospheric pressure. In this 
case the velocity is 2 x 2-5 x 33 = 165 feet, and (24 x 0-6 — 11-5 x -4) x 121 x 165 
= 195,657 lbs. raised one foot per minute. 

Also 



196657 
33000 



= 6 



horses' power very nearly. 



* Put d :b the diameter of the cylinder in inches, v ss the vekKity of the piston in feet per minute, and/ 
of the steam in the boiler in inches of mercury ; then 

0-6/- 30 



thefoiee 



2-6 



xrf« 



the power in pounds raised one foot per minute. 
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369. — If the area of the cylinder in feet he muk^lied by the velocity of the engine 
per minute in feet, it will be the Fohtme of steam consmned when of the density of that 
in the boiler; and dividing by the volume of steam which a cubic foot of water forms at 
the temperature or fi>rce in the boiler, (art. 121, or tables at the end,) the result will be the 
cubic feet of water consumed per minute, when the quantity of water, and consequently the 
quantity of fuel, (art. 190,) will be known ; but the supply of water should be a little in 
excess. 

370. — The purposes to which noncondensing engines of this kind have been applied, 
are to impelling steam carriages, moving materials within deep mines, draining mines 
in places difficult of access, driving machinery in places where water cannot be ob- 
tained at a moderate expense, and in various instances where low pressure steam was 
equally available; but for most 6f these purposes it is inferior to the next species: the 
sole advantage it possesses being that of uniformity of moving force in every part of the 
stroke ; which in some instances is desirable, in others hurtful. 



Noncondensing Engines to work bjf Expansion, 



371. — Second Species. The only difference required in the construction of a noncon* 
densing engine to enable us to use the expansive power of the steam, is in the arrangement for 
opening and closing the steam passages. The steam must be admitt^ firom the boiler only 
during a part of the stroke, and then shut off, but the passage for the escape of the steam 
should be open during the whole of the stroke. When the passage from the boiler is shut 
the steam acts by expansion, and the power it affords by expansion is wholly in addi- 
tion to that which is obtained by the preceding species, whence the economy of this 
method. 

372. — The most important question, is to determine that point in the length of the 
stroke at which the steam should be cut off» so that it may afford the greatest quantity of 
useful effect from a given quantity of steam ; for then a given quantity of fuel produces 
the greatest useful effect. Now we have shewn the resistance from friction, &c. to be 
nearly, if not exactly, 0*4 of the whole force of the steam in the boiler, (art. 367,) and it is 
obvious, that when the steam has expanded till its excess of force be equal to this resist- 
ance, it will produce no furtjier useful effect ; and also that as far as the expansion exceeds this 
limit, there must be a decided loss of power. Hence, if we consider the capacity of the 
cylinder to be 1, the force being inversely as the space the steam occupies, it must be, as 
the whole force of the steam in the boiler is to I, so is the whole force on the piston, 
when it is just equal to the friction, to the portion of the stroke when tl)e steam should be 
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cutoff.* That 1% if the whole force in the boiler be 120 inches of mercnry, the atmo- 
spheric pressure being 90, the resistance is 120 x *4 s= 48 s= the inches equivalent to the 
friction ; and 90 + 48 = 78 s= the whole force on the piston, consequently, 

120:78 :: 1 : 0*65s 



1-54 



the portion of the stroke to be made before the steam be cut off, when its force in the boiler 
is 120 inches, or ninety inches in excess above the atmosphere. 

979. — The excess of force in the boiler must be about four-tenths of the pressure of 
the atmosphere, or twelve inches of mercury, to cause motion at the proper velocity; but 
the absolute friction being only about half this force, the engine may begin motion with 
about a force of six inches. 

974« — ^The most common mode of cutting off the communication between the cylinder 
and boiler, at the proper period of the stroke, is, to give a slide two motions ; the first shuts 
off the steam, and the second motion lets it on at the opposite end, and opens the other to 
the atmosphere. Such a construction is shewn by Plate lY. Fig. 4, the position of the 
slide being shewn when the steam is cut off by its first motion. This construction repre- 
sents the principle followed by Messrs. Taylor and Martineau, but they place the axis of 
the cylinder horizontally, and construct the pistons of the cylinder, and of the slides, in a 
rather different manner from those drawn. 

A horizontal piston rod never works well, and the expense of such a frame as enables 
us to use it in a vertical. position can rarely be more than equivalent to this defect ; never- 
theless, in mountainous districts, where mines are difficult of access, a horizontal cylinder 
has the advantage, being very easily fixed.f 

975. — The power of an engine of this kind should be regulated by altering the time 
of cutting off the steam; its power may vary from full pressure through the stroke 
to that obtained by cutting off at the point above determined : the average state that wilt 
give the gpreatest advantage being to cut off at a mean between the point which gives the 
maximum of effect, and that which gives the greatest power required for the work ; for a loss of 



* Put/:s the force in the boiler in inches of mercury, and 

1 
n 
the portion of the stroke made before the steam is cut off, then 

/ 



= n. 



•4/+ 30 

F 

t Belidor shewsamethodofconitructinga piston for a borixontal cylinder by the addition-of friction. rollers. ArchL 
Hydran. Tom II. p. 240. 
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power arises from cutting off sooner than is indicated by the rule when the right 
amount of friction is calculated upon. For modes of giving motion to the slide, (see 
art. 478.) 

Oliver Evans made a rude attempt to investigate the advantage of cutting off the steam 
in high pressure engpines, claiming the principle as his own ; but the eng^e he describes 
is not arranged for that purpose, he uses valves for the steam passages ;^ the objection to 
valves above a certain size is the difficulty of opening them. 

376. — ^The proportions of the parts for expansion engines may be ascertained by the 
same rules as for fiill pressure, (art. S66,) excepting that the velocity should be found by 
the rule, (art. 336.) 

377. — To determine the power ,of a noncondeusing engine working expansively^ 
it will be most useful first to ascertain the mean effective pressure on the piston, and 
from thence the power. 

To find the mean pressure. Let the steam have to be cut off at the 

1 



^ n 



part of the stroke. Add 1 to 2*3 times the logarithm of n ; divide the sum by n and sub- 
tract 04 from the result, the remainder multiplied by the whole force of the steam in the 
boiler in pounds per circular inch, and 11 -65 subtracted from the product for the pressure 
of the atmosphere, the result is the mean effective force of the steam onthe piston in pounds 
per circular inch.f 



• Steam Engineers* Guide, p. 30, and 67. Philadelphia, no date, 
t Making b -^ x sa I, and 



6=-L 
n 



we hate by (art. 306,) 



p 6 ( I + hy. log. --±-^ ) = ^ ( 1 + by. log. n ) ; 



and therefore the power of a cylinder d inches in diameter, working at a velocity of v feet per minute is 

p V d^ 



n 



( 1 + hy. log. n ) - 



friction and resistance of the atmosphere. The latter is '4 p<i' v + ll'55d>v; hence 



• t;(;, ( 



i + hy. log, n 



n 



— -4 ) — 11-55 ^ = 
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To find the power, mahiply the metn efiective pressure by the square of the diameter of 
the piston in inches, and by Ae Telocity in feet per minute; die product is the pounds 
raised one foot per minute. 

To find its equivalent in horses' power divide by 83,000. 
878.— Example. If an engtne work expansively, the steam being cut off at the 

1 
1*5 

part of the stroke^ the cylinder beii^ twelve inches in diameter, the velocity 160 feet per 
minute, and the whole force of the steam in the boiler 120 inches of mercury, or forty-six 
pounds per circular inch. 



Fiist. 2r3 X log. 1-5 s 0*405 
Add 1 1* 



Divide by l-5)l-406 



0*996 
Subtract 0*4 for the friction and loss. 



0-586 
Multiply by 46 = the pressure of the steam. 



24-656 
Subtract 11*55 for the resistance of the atmosphere. 

13*106 lbs. the mean effective pressure on the piston. 



the pounds raised one foot per minute. 
The hyperbolic logarithm of n is equal 2.30285 times the common logarithm of n ; whence the rule. 
When n is fixed by the rule, (art. 372,) the formula reduces to the more simple form of 

d * V p 

— ^-^ ( hy. log. n ) = 



the power in pounds raised one foot high per minute ; and 



4p + 30' 
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12 X 12 s= 144 ss the square of the diameter. 
Multiply by 160 aa the velocity, 

23040 
and again by 131 = the mean pressure. 

301824 lbs. raided one foot per minute. 

And 

301824 



33000 



9*146 horses* power. 

379. — When the steam is cut off at the 



n 



part of the stroke, the quantity of steam consumed in cubic feet per minutei will be found 
by multiplying the area of the cylinder in feet by the velocity in feet per minute, increased 
by one-tenthy and dividing the product by n. If this result be divided by the volume 
which a cubic foot of water occupies when in the state of steam of the force in the boiler, 
(see art. 121, or tables,) the quotient will be the quantity of water required per minute, 
and the equivalent quantity of iiiel will be found by (art. 190.) The actual supply of 
water, and the power of the boiler should be n times that quantity ; the eng^e will then 
either work at fiill pressure or expansively as occasion may require. 

380. — In an expansive engine the moving force varies from full pressure to nothing 
in the course of the stroke ; for some objects this variation is desirable, because the motion 
of the piston is not accelerated so much towards the end of the stroke. It may be 
used for any of the purposes to which steam power has been found applicable, and 
where water is not easily procurable it becomes the most economical species of engine. 

381. — Double cylinder espansive engine. An engine of the noncondensing kind 
may be worked expansively by means of a double cylinder, according to Homblower's 
method, (art. 32.) In Plate IV. Fig. 5, C is the cylinder for the strong steam, and B 
that in which it acts by expansion. The steam enters at S from the boiler, and passing 
through the passage t at the top of the small cylinder, forces down the piston ; the steam 
previously in the cylinder C passes through 6, and ascending by the pipe e, enters the 
large cylinder B at a, and by its expanding force causes the piston to descend, the ex- 
panded steam below the piston escaping to the atmosphere by the passage c, and through 
d. The pistons in the passages being moved by (be rods jr, A, to the other sides of the 
apertures to the cylinders, the pressures are reversed, and the expanded steam escapes to 
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• 

the atmosphere by the passage a, through the aperture f. This constructiou is not very 
complex to obtain the motion of both pistons in the same direction ; but it obviously could 
be done by one slide if the pistons had contrary motions, and I see no sound objection 
to their motions being contrary ; and then the axis of motion should be between th^n. 
The effect of this mode of applying steam is the next point of consideration. 

382. — Let 0*385y*be the force on a circular inch on the small piston, and a its area, and 
/ the length of its stroke. Also, let m a be the area of the large piston, and n / the length 
of its stroke. Then at any portion x of the descent of the piston, in the small cylinder, n x = 
the descent in the large one. The original space of the steam being / a, and its pressure 
being inversely as its bulk ; 

// 
{^l -^ X ) a '\- m n a X \ I a \ \ f \ 



I — ^ "^ in n X 



the elastic force of the steam between the pistons. And if *d85y^ be the resistance from fric< 
tion, loss of force, and the resistance of the atmosphere, we have 



m I 



•3S5/a ( 1 - ,-— p.— + , —^ -— - ) - -385 w aT = 

the forces of both the cylinders; and the fluxion of the power is 

•385/a( i + nm — l / ( ^ ^ ^ ^ J'_ | ^ ^ ) - '385 n m a/'*. 
Its fluent is 

•385/a| a: + / hy. log. ( 7 + w n - 1 *) }— "385 n m af x 
which, corrected, becomes when x ^ I 

•385 /a / { J + hy. log. mn } - -386 n m a/' /. 

Or 

'3S5 fal j 1 + hy. log- « « - ^^ ) = 

power. 

383. — ^The ratio of the capacity of the large cylinder to the small one, is dependent 
on the amount of friction and loss of force* In the small cylinder the loss must be the 
same as in the cylinder of an engine working at full pressure ; this appears from our mode 
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of inquiry to be 0*4 of the force of the steani in the boiler, (art. 367.) And in the second 
cylinder the friction of the piston, the cooling of the cylinder, and-the excess of force re- 
quired to expel the steam into the atmosphere added together make '016 + '2 + •007 
ss-223 of the remaining force, or ( •228 x -6 ) + ^4 = •5338 = the whole loss in the two 
cylinders. Hence, as 

•6338/ + 30:/::l:mn = ; * — 



5338/ + 30 



the capacity of the large cylinder, when that of the small one is unity. 
If/ =120 inches, then 



•5338/+ 30 



1*28. = the capacity of the large cylinder, that of the small one being one. And in all 
cases the value of mn must be less than that of n in the note to (art. 377.) Also, since 
•5338/ + 30 =^'' we have from (art. 382.) 



•385 /<i« 6 J I + by. log. mn^ JH^nf^ J 



/ 

the power of the engine, of which the velocity of the small piston is v feet per minute, and 
its diameter d inches, the whole force of the steam being/ inches of mercury in the boiler. 
Consequently, the power is le6s in an engine with a double cylinder, than in one with a 
single cylinder, in the ratio of the hyperbolic log. of 

,^^^ / r:r — to that of — , J, ^ » 

•6338 / + 30 -4/+ 30 

A decrease of power and a more complex arrangement renders the double cylinder en. 
gine inferior in every respect, except that of the moving force being more equal than in a 
single cylinder. 

384. — Of the best force for the steam of noncondensing engines. The circumstancjes 
determining the choice of the force of the steam are almost entirely of a practical nature. 
As far as regards the production of the steam itself a greater quantity of fuel will be re- 
quired to generate strong steam, and there will be more loss of heat in the operation ; con- 
sequently, as far as the generation of the steam is concerned, the lower the force the 
better. But in the noncondensing engine the steam has to work against the pressure of 
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the atmosphere, aid lows ao much of its effect ; hencei the more its force exceeds the atmo- 
spheric pressure, the greater will be the efiect of a given quantity of steam in proportion to 
this loss. On the contrary when the strength of the sleam is considerable there is much 
waste by leakage,* which with die extra expense of fuel tends to counterbalance the advan* 
tage of increasing the force ; and considering these circumstances, with the danger of stroi^ 
steam, it appears to me that steam of four or five atmospheres is about the best force for 
these engines. 



* The rate of increase of loss by leakage may be estimated, for it depends jointly on tkie goodness of the workmanship, 
and the force tending to separate the parts. Now a good workman may fit the parts so that they would not exceed, under 
a strain of one atmosphere, a continued aperture of the 5000th part of an inch in breadth : and then if/ be the force in 
inches of mercury, and d the diameter in inches, the magnitude of the jomt will be 

»141 6 df 

I.tOOOO 

square inches. 



The velocity of escape will be 6-6 ^ 86*5 (469 -|- t)^60 i/ 459 -^ / ; (art. 136,) consequently, the quantity km 
per second, iat 

3I4I6 df ^'^W+'t 
2500 

If v be the velocity of the piston in foet per second, the steam required in the same time will be *7854 d^ r ; hence, the 
quantity required being unity, the loss will be 



3-1416 rf/" ^ 459 -h f / V 459 -H ^ 
•7864 c«« V X 2500 """ 685 </r 



When v =»4, d » 10, / » 133 and f »: 300* 



f V459 + t _ 
6-25 dv "" 



one-seventh, nearly. 
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OF THE CONSTRUCTION OF CONDENSING ENGINES. 



386. — ^The digtiDguishinff feature of this class of engines is, that of condensing the steam 
to the state of water. The moving force is nearly equivalent to the force of the steam, as in 
the boiler, moving through the difference between the space in the state of steam and that in 
the state of water. Different systems of construction render the effective or useful power 
more or less, but I will endeavour to give the general principles in a few words, and then 
proceed to more minute detail. 

386.P— The essential parts of a single condensing engine consist of a cylinder having a pas- 
sage to admit steam at the top,and one from the bottom to convey the steam to another cylin* 
der, called a condenser. The condensing cylinder has a passage from the lower part of it 
to an air pump ; and both the air pump and the condenser are iimmersed in a cistern of cold 
water, a jet of which plays into the condenser. The cylinder has an air-tight piston fixed 
to a rod, which moves in an air-tight box in the top of the cylinder; and conceive th^« to be 
a valve in the piston, which, whenever the piston arrives at the bottom, opens and allows ibe 
steam to pass from the upper to the lower side of the piston. Then, let the jet be stopped, 
and the cylinder and condenser be filled with steam from the boiler, and the piston be 
raised to the top of the cylinder by a counter weight at the other end of the beam, to which 
the piston rod is fixed. The cock being open to admit the steam fix>m the boiler to the 
cylinder, if the jet of cold water be allowed to play into the condenser, nearly the whole 
of the steam in the condenser, and in that part of the cylinder below the piston, will be re- 
duced to water, and the pressure on the top of the piston being equal to the elastic force 
of the steam in the boiler, while the elastic force of the vapour remaining below it is very 
small, the difference of the forces will press down the piston, and, consequently, raise an 
equivalent weight at the other end of the beam. 

c c 
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When the piston arrives near to the bottom of the cylinder, the passage to the condenser is 
shut, and the valve in the piston opens, then the steam above the piston passes through to 
below it, as the piston rises by the action of the counter weight ; and, being at the top, the 
valve in the piston closes, and the valve to the condenser opens, and another stroke U 
made, and so on successively. 

But since a large quantity of water is used at each stroke, and the water contains a con- 
siderable quantity of air, the condenser would soon become filled with air and water, and 
the engine would cease to work ; to avoid this the air pump is added, which, being worked 
by the beam, makes a stroke at each stroke of the steam piston, and clears the condenser of 
air and water. 

387. — In an atmospheric engine with a condenser, the principal difference consists in 
the steam being let both into and out of the cylinder by passages at the botlom, and the 
descent of the piston is caused by the pressure of the atmosphere on its upper surface 
which is open to the air. 

388. — But in (he atmospheric engine, as constructed before Mr. Walt's improvemeut 
uf condensing in a separate vessel, the jet of cold water was thrown into the cylinder itself 
at each stroke, and, hence, the cylinder required to be heated and cooled at each stroke 
at R great expense both of fuel and cold water. 

The addition of a separate conden.ser was the most valuable of Mr. Watt's improvements, 
his next in importance was the double acting engine. The saving from the concentratiou 
of power which results from these improvements can be judged of only by those who are 
intimately acquainted with the employment of mechanical power. To them the merit uf 
his invention must be known and duly appreciated, and by their estimation it must ult^ 
mately be valued in public opinion. ' . 

389.— The double acting engine, in general construction, resembles the single one 
described in the preceding article, (art. 386.) It differs in having a passage from the 
boiler both to the top and the bottom of the cylinder, and a similar passage Jrom both to 
the condenser. Hence, it does not require a counter weight to raise the piston, nor that the 
steam should pass from the upper to the lower side. The force of the steam impels the 
piston in both directions, and compared with a single engine of the same size, a double 
~ quantity of steam is used, and double power is exerted in the same space and time. 

390. — In any of these species steam may act expansively, whether the atmospheric or 
ateam pressure be used, but the moving force may be rendered more uniform by using two 
cylinders of different sizes ; in the smaller of these cylinders ihe steam acts with all its force 
throughout the stroke, and in the other it gradually expands as the stroke proceeds, awl 
therefore the moving force is variable : but as the forces on both pistons jointly constitute 
the moving force, it is never less than the force of the steam on the smaller piston. This 
arrangement was devised by Hornblower, (art. 32.) The engines may be of either single 
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or double powerybiit ndie'ber the engine bas double or single power, it is, in tbe usual con- 
struction, a complex piece of machinery. 

391.— ^ We may now proceed to arrange the different speciesi and shew the proportions 
adapted to particular cases. 



Second Ckus. Condetmng Steam Engines. 



I. By cdodensation 



{ 



1* Atmospheric pressure 
2. Steam pressure 



{ 



Single 
Double 



Newcomen, 1706. 
Watt, 1769. 
W*tt, 1782. 



1. Atmospheric pressure 



II. By condensation and expansion 



2. Steam pressure 



Single Watt, 17d2. 

Double Watt, 1782. 

Combined cylinder, Homblower, 178L 



III. By generation and condensation. 



IV. By generation, expansion, and condensation 



Single 



Double 



{ 



Comish'engineers on Watt's construction. 
Woolf, 1804. 

Cornish engineers on Watt's construction. 
Woolf, 1804. 



Of the ConstrucHan of Engines working by Condensation. 

. 392l— Of the engines working by condensation alone, two kinds may be distinguished ; 
in the one kind the moving force is the pressure of the atmosphere, in the other it is the 
pressure of steam ; the former may be further divided into those which condense in the 
cylinder, and those having separate condensers; and the latter into single and donble acting^ 
engines. * 



Atmospheric Engines. 
398»->-7%e common atmospheric engine. In the atmospheric engine, as it is usually 
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cotmtmoted, GODdensation is effected in the cylinder. The parts required for this object are, a 
T/ J^ cylinder C^Vhte^ffLFig. 1, close at the bottom and op^i'at the top ; a piston P ; a passage S 
for the^team from the boiler to the bottom of the cylinder, provided with a valve V, or cock; a 
passage for cold water to condense the steam, to inject into the cylinder at I, with a cock 
D ; and a passage E for the water used for injection to run out at, provided with a self- 
acting valve F to prevent it flowing back ; a valve G for the air contained in the water to 
escape at is also necessary. Mechanism for opening and closing the valves is connected to 
the engine beam, and a small supply of water by a pipe, is constantly furnished to the 
top of the piston takeep the packing saturated so as to be steam-tight. 

394. — ^The operation is simple, the beam is so balanced that the steam being admitted 
by the steam valve V below the piston, it rises to the top of the stroke ; the steam valve is 
then shut, and the injection cock D is opened, and a jet of cold water rises through I» 
which condenses the steam to a lower degree of elasticity, and the water runs out by the 
passage E at the valve F; the pressure of the atmosphere on the piston P being unopposed 
it forces it down, and the air extricated by the water is expelled towards the termination of 
the stroke at the valve G. 

The steam and injection cocks are moved by tappets on a bar moving vertically, 
and connected to the beam. The steam valve should close and the injection cock open 
just when the up stroke is completed, and the period of closing the injection cock should 
be adjusted to the power the engine is to exert; the steam valve ought to open with the rise 
of the piston. 

395. — The proportions of the parts. The length of the cylinder should be twice the 
diameter, (art. 329.) The velocity in feet per minute should be ninety-eight times the square 
root of the length of the stroke in feet, (art. 342,) the engine being supposed to be applied 
to raise water. The area of the steam passages will be found by this proportion : as 4800 
is to the velocity in feet per minute, so is the area of the cylinder to the area of the steam 
passage, (art. 154.) The temperature for condensation which affords the greatest useful 
effect will be found by (art. 166.) If the area of the cylinder in feet be multiplied by 
half the velocity in feet, and that product by 1*23 added to 1*4 divided by the diameter 
in feet, (art. 163,) the result divided by 1480 will give the cubic feet of water required 
for steam per minute. Jf from 1220 the temperature of condensation be deducted, and tbe 
result divided by the difference between the temperature of the cold water, and the tem- 
perature of condensation, the quotient will be the number of times the quantity of water 
required for injection must be grater than that required for steam, (art. 284 ;) in general 
it will be about twelve times tbe quantity, but it had better be a little in defect than 
excess. The aperture for the injection must be such that the above quantity of water 
will be injected during the time of the stroke. The moving force in the first instant is 
only that due to the height of the cistern, and therefore in order that the injection be 



SECT. VI.] 



CONDENSING ENGINES. 



1^7 



sufficiently pow^al at firat, the head should be about three times the height of the cylin* 
der ; and making the jet apertures square, the area should be the S&Oth part of the area 
of the cylinder, or its side should be ^ of the diameter of the cylinder. The conducting 
pipe should be about four times the diameter of the jet. 

396. — To determine the power of an atmospheric engine. The moving force is the 
pressure of the atmosphere, from which the whole of the friction, and the force of the un* 
condensed steam is to be deducted. 

The moving force is the pressure of one atmosphere, or . - . • * l-QO 

The loss of force measured in atmospheres consists of, 

First, the uncondensed steam corresponding to the temperature 

of condensation (usually about 160°) ..... = •34 
Second, the force to expel it, and the air from the cylinder 

(art. 154.) =-007 

Third, the friction of the piston (art. 474.) ......= -060 

Fourth, the force required to open and close the valves, raise 

injection water, and overcome the friction of the 

axes --.--.---------= •093 

0-49 

The portion of the pressure of the atmosphere equal the ef- 
fective pressure is ..«...•.•.... 0*51 
or 5*9 pounds per circular inch. 



397. — Rule, for the power of the common atmospheric engine. Multiply 5*9 times 
the square of the diameter of the cylinder in inches, by half the velocity of the piston in 
feet per minute, and the product is the effective power of the engine in pounds raised one 
foot high per minute. 

To find the horses* power divide by 33000. 

Example. Let the diameter of the cylinder be seventy-two inches, and the length of 
the stroke nine feet, making nine strokes per minute : in this case half the velocity is 9 x 9 
s 81 feet per minute, consequently 5*9 x 72* x 81 = 2,477,433*6 pounds raised one foot 
per minute, or 

2,477,433-6 



33,000 



seventy-five horses' power. This example is the size of the Chase Water engine, de- 
signed by Smeaton, (see art. 24, p. 23.) His estimate of the equivalent horses' power differs 
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« 
firom this chiefly through using a diflTerent measure of that power; but he also estimated 

on condensing at a lower temperature than 160" : and to estimate correctly, the proper 

force of the uncondensed steam should be' inserted in the causes of loss of force for each 

particular case. 

398. — ^The engine may be regulated by cutting off the steam before the piston has 

arrived at the top, and cutting off the injection sooner; further means of regulation are de» 

scribed in Sect VIII. By cutting off the steam it acts expansively, and a less quantity 

produces the effect Water for the top of the piston, and for the supply of the boiler 

should be raised from the hot well.' The quantity of water required to supply the boil^ 

being ascertained in cubic feet per minute, (art 895,) the fuel will be known by referring 

to (art. 190,) and the size of the boiler by (art 225, or 229.) In the case of the Chase 

Water engine, 

6« X -7864 X 81/ ,^^ . 1-4 



1480 



(1^+-^)= 



2*4 feet of water per minute, or 144 cubic feet per hour : and 8*22 pounds of caking coal 
convert one cubic foot of water into steam, therefore the quantity per hour will be 1188-7 
pounds, or 

1183-7 _ 
76 "" 

sixteen pounds per hour for each horse power. The boiler may be either rectangular, or 
cylindrical, with the steam limited to one pound on the circular inch. 

399. — The atmospheric engine is applicable for raising water in most cases where coals 
are abundant ; the elj^ne is simple in construction and in operation, and does not require 
that accuracy of workmanship which is necessary for an engine acting by steam pressure. 
On a small scale .it has less advantage, for when the cylinder is not more than about two 
feet in diameter, the consumption of fuel becomes great in proportion to the efiect; the 
drainage of coal mines, and raising water to supply towns, and for irrigation where fuel is 
cheap, are its proper objects. 

400. — Atmospheric engines with a separate condenser. The manner in which an 
engine of this kind may be constructed, is shewn in Plate VI. Fig. 2. Where C is the 
cylinder with its piston P ; the steam comes from the boiler by the pipe S, and by a slide 
B is let into the cylinder at D, or kept out A is a pump with a solid piston, to receive 
the condensed steam, air, and water, and expel it ; the injection is made into the pipe 
E ; and I, is the injection cock ; F, is a cock to let out any air that may collect below the 
piston p when the engine is at rest. To begin the opisration the slide 6, must be raised 
above S, and steam admitted till all the air -be blown out at the valve Q; the pistons being 
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at the top in both the cylinder and pump ; then shut off the steam by the slide B, and open 
the injection; then in consequence of the condensation produced by the jet both the pistons 
will descend, and during the first descent the cock F should be open, but afterwards 
closed ; the injection being stopped and the slide B moved to close the passage to the 
condenser, on opening that for the steam the pistons will again ascend, and the air 
and wat^r of condensation will be expelled at the valve Q; the alternate opening and 
closing of the passages and the injection cock are required to continue the ac- 
tion. 

^1. — This engine may be regulated by closing the valve B, at any period of the 
ascent, and the cock I,.at any period of the descent ; and as the application will be limited 
to raising water, the velocity in feet per minute should be ninety-eight times the square 
root of the length of the stroke, (art. 342;) the length of the cylinder twice its diameter ; 
the area of the steam passages to the area of the cylinder, as the velocity in feet per 
minute is to 4800, (art. 154) The air pump should be one-foi|rteenth of the capacity of the 
cylinder, (art 349, note ;) or making the stroke of the air pump half that of the steam piston, 
the diameter of the pump should be three-eighths of the diameter of the' cylinder. The 
quantity of steam is found by multiplying the area of the cylinder in feet, by half the 
velocity in feet, with the addition of one-fifth for loss by cooling, (art. 161,) and waste; 
the result divided by 1480 will give the quantity of water per minute required to supply 
the boiler, and twenty-four times that quantity will be that required for injection, (art. 
284.) The diameter of the aperture for the -injection should be one thirty-sixth of the 
diameter of the cylinder, and the injection pipe one-ninth. 

402. — Hie power of this atmospheric engine wW] be the difference between the pres- 
sure of the atmosphere on the piston, and the retarding force multiplied by half the 
velocity. 

The pressure of the atmosphere being --------- I'OOO 

The retarding forces are. 

First, the resistance of the uncondensed steam, temperature 125^ == *134 

Second, the force to expel it through the passages, (art. 154.) - "007 

Third, the loss by cooling in the cylinder, &c. (art. 161.) - - *0&7 

Fourth, the friction of the piston, (art. 474.) ------ ^OSO 

Fifth, the force required to open the valve, raise water for in- 
jection, and overcome the friction of .the axes - - *10& 
Sixth, the force required to work the air pump, (art. 354.) - *100 

Sum of the retarding forces ------.-..--- 0*468 



Portion of the pressure of the atmosphere equal to the effective pressure '542 
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This is eqaivalent to 6*25 pounds on a circular inch ; the excess of force of the steam in 
the boiler, is a full compensation for some other causes of loss of power. 

403. — ^RuLE. Multiply 6*25 times the square of the diameter of the piston, by half 
the velocity in feet per minute, and the product is the effective power in pounds raised one 
foot high per minute. 

Divide by 39000, and the quotient will be the number of horses' power. 

Example. If the diameter of a cylinder be thirty-two inches, and half the ve- 
locity be 110 feet per minute; then 6*25 x 32' x 110 =: 704000 pounds raised one foot 
per minute, or 

704000 _ 
33000 "* 

twenty-one horses' power. 

404.— -As the quantity of water required for the boiler is found by (art. 40lv) the 
quantity of fuel is easily found from (art. 190.) In the example of the preceding article 
we have 

M X 2f X 2f X '7864 X 110 

1480 " 

•49 feet of water per minute, or 29*4 feet per hour; consequently 29*4 x 8*22 = 246 
pounds of caking coal per hour ; or 

246 
21 "^ 

1 1*7 pounds per horse power. Fcnt the proportions of the boiler, (see Sect IIL) and the 
beams and other parts for strength, (see Sect. VIII.) 

405. — ^For raising water this species of atmospheric engine is admirably adapted ; it 
can be constructed without difficulty by ordinary workmen, and for water works, drainage, 
irrigation, canals, and other cases where water is required in considerable quantities, it is 
an economical mode of obtaining power. 



Steam Presmre Engines. 

406.'^Boulton and Waifs single engine. The essential parts and operation of a 
single engine having been described, (art. 386,) we have only to shew the construction as 
it regards effect ^Fig. 4. Plate V.) shews a section of the cylinder C, condenser B, and 
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air pump A, of a single engine, arranged as is most convenient for exhibiting the parts. 
The steam enters from the boiler to the cylinder by the pipe S, through the valve o ; and 
presses down the piston P, which is supposed to be taken at the time of its descent ; the 
steam below it goes into the condenser, and is condensed by the jet which plays into it. 
The air pump bucket p is descending in the air and vapour which the punfp had received 
from the condenser during the previous ascent. When the piston is at the bottom of the 
cylinder, a motion is given to the rod O which shuts the valves a and e, and opens the 
valve b ; there is then a communication open by the pipe E, between the top and bottom 
of the cylinder, and the pressure of the counter weight must be sufficient to overcome the 
friction of the piston, and expel the steam from the upper to the lower side of the piston ; 
the action of the counter weight has also to expel the air and water of condensation through 
the valve Q by means of the air pump. The mode I have shewn of placing the valves 
and moving them by a single motion is not Messrs. Boulton and Watt's, but is one intended 
to render the motion of the steam from the upper to the under side of the cylinder more 
quick, by the pipe E being exhausted : the motion of the valves is simple and easily bal- 
anced. The valves of Messrs. Boulton and Watt are similar to Fig. 5, but they move 
them independently of one another, and this ought to be the case for an engine to work ex- 
pansively, unless a separate valve acted on by a regulator be used to cut off the steam, (see 
Sect VIII.) An elevation of Boulton and Watt's single engine is represented in Plate XII. 
as applied to raising water. 

407. — The proportions of the parts. The length of the cylinder should be twice its 
diameter, (art. 329.) The velocity of the piston in feet per minute should be ninety.eight 
times the square root of the length of the stroke, (art. 342.) The area of the steam pas- 
sages should be equal to the area of the cylinder, multiplied by the velocity of the piston 
in {iiei per minute, and divided by 4800, (art. 154.) The air pump should be one-eighth of 
the capacity of the cylinder, or half the diameter and half the length of the stroke of the 
cylinder, (art. 351,) and the condenser should be of the same capacity. The quantity of 
steam will be found by multiplying the area of the cylinder in feet by half the velocity in 
feet ; with an addition of one-tenth for cooling (art. 460,) and waste ; and this divided by the 
column of the steam corresponding to its force in the boiler, (art. 121,) giv^s the quantity 
of water required for steam per minute, from whence the proportions of the boiler may be 
determined, (see Sect. III. art. 224, and 227.) At the common pressure of two pounds per 
circular inch on the valve, the divisor will be 1497. The quantity of injection water 
should be twenty-four times that required for steam, (art. 284 ;) and the diameter of the 
injection pipe one thirty-sixth of the diameter of the cylinder. The valves in the 
air pump bucket should be as large as they can be made, and the discharge and 
foot valves not less than the same area. For the proportions of the beams and 

D n 
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other parts for strength, (se^ Sect. VII ;) and the modes of regulation and management (see 
Sect.VlIL) 

408. — The power of the single engine may be ascertained as follows : — 

Hie effective pressure on the piston is Jess than the difference between 
the force of the steam in the boiler, and the resistance of the 
uncondensed steam. Let the force in the boiler be denoted by 1*000 

First, by the force producing the motion of the steam into the 

cylinder, (art. 154.) - 007 

Second, by the cooling in the cylinder, (art. 160,) and pipes, 

(art. 148.) -038 

Third, by the friction of the piston and loss by escape (art. 474.) *05 

Fourth, by the force^ necessary to expel the steam through the 

passages •-•.......-... <007 

Fifth, by the force required to open and close the valves, raise 

injection water, and the friction of the axes - • - * (00 

Sixth, by the steam being cut off before the end of the stroke *100 

Seventh, by the power required to work the air pump (art. 354.) *100 



•402 



•598 



The force of the steam in the boiler is commonly thirty^five inches of mercury, that of 
the uncondensed steam, (temp. 120^,) is 3*7 inches, hence, 35 x -598 = 20*93* inches, and 
20*93 — 3*7= 17*25, or 6*66 pounds is the mean effective pressure on the piston ; and when 
the steam in the boiler is of any other force, the mean effective pressure may be determined 
ip the same manner. 

409. — Rule* Multiply the mean effective pressure on the piston by the square of 
its diameter in inches, and by half the velocity in feet per minute, and the product is the 
effective power in pounds raised one foot high per minute. 

Divide by 33000 and the result is the number of horses' power. 

Example. Let the force of the steam in the boiler be thirty-five inches of mercury, the 
diameter of the cylinder forty-eight inches, and half the velocity 135 feet, per minute. 
Then the mean pressure is 6*66 pounds, and 6*66 x 48* x 135 = 2,071,526 pounds raised 
one foot, or 
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2,071,626 



33,000 



sixty-three horses' power. 
The water required would be 



11 X 4« X 7854 X 135 
1497 



1*27 cubic feet per minute, or 76*2 cubic feet per hour ; and by (art. 190,) 76*2 x 8-22 s 
626'4 pounds of caking coal,** or 

626-4 _ 
63 "■ 

9*94 pounds of coals per hour for each horse power. 

410. — ^The application of the single engine is limited by the nature of its action to 
raising water or other works admitting of an inefficient returning stroke, but for these 
purposes it has great advantages. I would suggest as an improvement, that the con- 
densation should be effected as described for the atmospheric engine, (art. 400,) and 
that it should always act more or less by expansion ; the full effect of expansion cannot 
however be obtained unless the action be equalized by a proper arrangement of the pres- 
sures and counter weight. 

411. — Single engine acting expamively. When the single engine acts expansively, 
it is necessary to determine the point of the stroke at which the steam should be cut off. 
Now the pressure on the piston should never be less than the mean moving force, otherwise 
it would be overpowered, and the column of water would descend again. Consequently 
we may adopt this analogy. As the whole force of the steam in the boiler is to one, so is 
half the greatest effective force on the piston added to the resistance from friction, &c. to 
the portion of the stroke at which the steam should be cut off. Thus, if the force in the 
boiler be thirty-five inches of mercury, and the resistance of the uncondensed steam 
3*7 inches, then 3-7 + (35 x '402 ) = 17*77 inches, the loss of power jfrom friction, &c. 
(art. 408,) and consequently 

35 - 17-77 ,^^^ ^^^^ 
+ 17-77= 26-38 = 

pressure on the piston at the end of the stroke ; therefore 35 : 26*38 : : T': *75 = j of the 



* ThU is equivalent to raiBing 17,600,000 pounds one foot by a bushel of coals, or 198,000 pounds by one pound oC 
coal. 
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stroke. The steam will obviously act expansively in its ascent in the' same proportion, 
whence a less counterweight is necessary. 

412. — ^To find the mean pressure on the piston in an expansive engine. Let the por- 
tion of the stroke made when the steam is cut off be 

1 

n. 
Then the nth part of the whole force in pounds per circular inch, of the steam in the 
boiler, multiplied by the 2*3 times the common logarithm of n, added to *3, is the mean 
moving force or pressure-^ which is to be used in the rule, (art. 409,) for finding the 
power, and also for adjusting the load. 

Example. Suppose the steam to be cut off at three-fourths of the stroke, then 

n 

s three-fourths, or n = 1*33, and its logarithm is 0*125156; the whole force being thirty- 
five inches of mercury, or 13*5 pounds per circular inch, we have 



3 X 13-5 X ( 2-3 X 12615(1. -f 3 ) 

^ = 13-5 X '441 = 

4 

5*95 pounds per circular inch for the mean pressure. 

413* — ^The velocity should be found by the rule (art. 343,) and the quantity of steam 
will be as much less than that required for an engine working at full pressure as the por- 
tion of the stroke at which the steam is cut off is less than the whole stroke ; and in other 
respects the quantity of water, fuel, water for condensation &c. should be determined by 
the rules in (art. 407.^) The counter weight will be less in the same ratio, as the pressure 
on the piston is less than it is in a common engine. Owing to a larger sized engine beii^ 
required, the expansive method is not valued as it ought to be, except when the force of 
the steam in the boiler is increased, and this I would recommend to the extent of two 
atmospheres, but not higher. 

414. — The double engine of Boulton and Watt, It has been already shewn in.what 
the double engine difiers from a single one, (art. 389.) The parts are shewn in Fig. 1. 
Plate V. where C is the cylinder ; the steam enters at S, and passes into the upper part of 
the cylinder at F, or into the lower part nt D, as in Fig. 3 ; Fig; 1. shewing the piston in 



* Taking the example of (art. 409,) we find 22,000,000 pounds may be raised one foot b^ a bushel, or nearly 260,000 
pounds by one pound of coal j and I do not think more has been actually done with low pressure steam by a single 



engine. 
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the stafe of descending and Fig*. 3, as ascending'. From the loirer piilM of the cylinder in 
Fig. 1, the steam escapes througt^ D, into the condenset* B, where it is condensed by a jet 
of cold water, which plays into it constantly ; and the nncondensed gases and water pass 
through the valve G, during the ascending stroke, and during the descending one they 
pass from the lower to the upper side of the pump bucket, through its valves, and are 
drawn up by the ascending stroke, and expelled at the valve Q into the hot well. When 
the steam piston P ascends, the steam from the upper part of the cylinder, passes through 
F down the pipe E to the condenser. The steam passages D, and F, are opened and 
closed by a 2)-«/tcfe, so called from its plan resembling the letter D ; it is moved by the 
rod O, by tappets or other methods, (see Sect. YII.) where the different methods are de- 
scribed. In small engines the steam passages are frequently opened and closed by cocks, 
in larger ones by valves, or slides, the species of which and the pistons and other parts are 
described in Sect. VII. 

415. — The proportions qf the parts for a double engine acting with J\tll pressure. 
When the case to which the engine is applied will admit of it, the length of the cylinder 
should be twice its diameter, (art. 329.) The velocity of the piston in feet per minute, 
should be found by multiplying the square root of the length of the stroke by 103 for 
machinery, or by 98 for raising water, (art. 337 and 342.) The area of the steam 
passages should be equal to the area of the cylinder multiplied by the velocity of 
the piston in feet per minute, and divided by 4800, (art. 154.) The air pump should be 
one-eighth of the capacity of the cylinder, or half the diameter, and half the length of the 
stroke of the cy]inders; (art. 351,) and the condenser should be of the same capacity. The 
quantity of steam will be found by multiplying the area of the cylinder in feet by the 
velocity in feet, with an addition of one-tenth for cooling and waste; and this divided by 
the volume of the steam corresponding to its force in the boiler, (art. 121,) gives the 
quantity of water required for steam per minute, from whence the proportions of the boiler 
may be determined, (see Sect III. art. 224, and 227 ;) at the common pressure of two 
pounds per circular inch on the valve, the divisor will be 1497. The quantity of injection 
water should be twenty-four times that required for steam, (art. 284,) and the diameter of 
the injection pipe one thirty-sixth of the diameter of the cylinder. The valves in the 
air pump bucket should be as large as they can be made, and the discharge and foot 
valves not less than the same area. For the proportions of the beams and other 
parts for strength, (see Sect. VII ;) and the modes of regalation and management (see 
Sect VIII.) 
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416.-^ 7b determine the power of a double acting engine. Let the force of 

the steam in the boiler be denoted by .... . . 1*000 

Then besides the loss from uncondensed steam there is loss, 
First, by the force producing the motion of the steam into the 

cylinder, (art. 164) -..-..•--. -007 
Second, by the cooling in the cylinder, (art 167,) and pipes, 

(art. 148,) -016 

Third, by the friction of the piston and loss (art.. 474.) - - '126 
Fourth, by the force necessary to expel the steam through the 

passages, (art. 164.) .......... -007 

Fifth, by the force required to open and close the valves, raise 

injection water, and the friction of the axes - - - '063 
Sixth, by the steam being cut off before the end of the stroke *100 

Seventh, by the power required to work the air pump, (art. 

a54.) -050 



-368 



i632 



The force of the steam being generally thirty-five inches of mercury in the boiler, the 
temperature of the uncondensed steam 120^, and its force 3*7 inches ; hence, ( 36 x *632 ) 
— 3'7 = 18*42 inches, or 7*1 lbs. per circular inch for the mean effective pressure on the 
piston.^ 

417. — Rule. Multiply the mean effective pressure on the piston hy the square of its 
diameter in inches, and that product by the velocity in feet per minute, the result will be 
the effective power in pounds raised one foot high per minute. 

To find the horses' power divide the result by 33,000. 

Example. Tlie diameter of the cylinder of a double engine being twenty-four inches, 
the length of the stroke five feety the number of strokes per minute twenty-one and a half, 
and the force of the steam in the boiler thirty-five inches of mercury, or five inches above 
the pressure of the atmosphere, required its power. 

The velocity is 2 x 6 x 21} s= 216 per minute, and the mean effective pressure on the 
piston will be 7*1 lbs. per curcular inchj therefore, 7*1 x 24 ' x 216 = 879,264 lbs. 
raised one foot high per minute, or 

* 

* This is 9*05 lbs. per square inch. 
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879264 _ 
33000 "" 

26*64 horses' power. The nominal power of this engine would be only twenty horses' 
power by Boulton and Watt's mode of calculation, but it will be found that the nominal 
and real power nearly agree when the steam acts expansively, (art. 422.) 
The water required for the above engine, (art. 415,) will be 

I'l'x 2« X 7854 X 215 _ 
1497 "" 

*5 cubic feet per minute, or thirty cubic feet per hour ; and (art. 190,) 30 x 8*22 =: 246*6 
lbs. of caking coal, or 

2466 _ 
26-64 "■ 

t 

9*2 lbs. of coal per hour for each horse power.* 

When an engine is of less than ten horses' power, the consumption of fuel will be greater 
per horse power about in the ratio given in (art. 221.) 

418. — This engine is applicable to every purpose for which a stationary engine is 
adapted, and it is only in cases where water is procured with difficulty that it is not ap- 
plied. It has also been lately brought into use as a moving agent in steam vessels. (See 
Sect. X.) When the steam acts expansively the power is obtained with a smaller quan- 
tity of fuel, and to save fuel is the great object in every application of steam power. 

419. — Double engine acting expawsively. The motion of a double engine acting ex- 
pansively ought to be equalized by a fly or some other method, (see Sect. VIIL) otherwise 
the eflfect cannot be perfectly obtained. To determine the point of the stroke at which 
the steam should be cut off, we have this proportion. 

As the whole force of the steam in the boiler is to 1, so is '368 times that force, (art. 416.) 
added to the resistance of the uncondensed steam, to the part of the stroke to be made be- 
fore the steam be cut off. 

Thus, if the force in the boiler be thirty-five inches of mercury, and the resistance of the 
uncondensed vapour 3*7 inches, we have' 



35 : ( 35 X • 368 ) + 3-7 ; : 1 : -473 = -JL 



of the stroke. 



* Mr. Watt states to the e£fect that 8*7 lbs. is the quantity eqaivalent to a hone power, but no doubt he means when 
working expansively. Notes on Bobison, Vol. II. p. 145. 
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420. — ^To find tbe mean pressure on the piston of an expansive engine, the part of the 
stroke a^ which the steam is cut off being 

1 
n 
divide 2*3 times the conmion logarithm of n by 9i» and multiply the quotient by the whole 
force of the steam in the boiler in pounds per circular inch, the result will be the mean 
moving force on the piston on a circular inch. 
Example. Suppose the steam to be cut off at 

1 

21 
of the stroke, then n = 2-1, and the logarithm of 2"1 is -322219 ; consequently, 

2.3 X 322219 ^^. 
21 = -^^^ 

and as the pressure corresponding to this point of cutting off tbe steam is thirty-five inches, 

or 13"5 poiuids per circular inch, we have 13*5 x '354 = 4*8 pounds per circular inch, 

the mean pressure. 

421. — ^The velocity should be found by (art. 336, or 343,) and the quantity of steam 

will be 

1 

n 

part of that required when the engine works at full pressure; therefore the water for steam, 
the fuel, injection water, will be less in the same proportion in regard to the dimensions 
of the cylinder, but the passages, pumps, boiler, and other proportions should be found 
by the rules in (art. 415,) in order that the engine may work either at full pressure or ex- 
pansively as circumstances may render desirable. 

422.— Taking the dimensions and force of steam of the engine given as an example, 
in (art. 417,) its power as an expansive engine would be 4*8 x 24^ x 216 = 594,432 
pounds raised one foot high pi^r minute, or 

594432 
33000 " 

eighteen horses' power. At the full pressure, the fuel was 246*6 pounds ; in this case 

It IS 

246-6 _ 
21 "" 
117 pounds,^ hence. 



* This is the same as raising 27,000,000 pounds one foot high by a bushel of coals. 
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6*5 pounds per horse power ; the advantage is therefore as 6*5 : 9-2, or as 10 : 14* 
For small engines this quantity requires to be increased in the ratio given in the table, 
(art. 221.) 

423. — The mode of cutting off the steam by giving two movements to the slide during 
the stroke is shewn in Pbfte V. ; Fig. 2, shews the position of the slide when the piston 
is descending and the steam cut off, with the passage D to the condenser still open. 
Slides have the defect of requiring a separate passage to introduce the steam to expel the 
air from the engine at the time of starting, technically called ** blowing through :" but in 
other respects they seem to afford the most simple and durable means of opening and 
closing the passages. 



C&mbined cylinder Engines. 

424. — In Homblower's engine with two cylinders the steam acts at full pressure in 
the one, and expansively in the other ; as a single engine it is decidedly inferior to Boulton 
and Watt's construction in every respect, except that of the moving force being more 
nearly uniform, for there is the additional friction of the small piston, and it is a singular 
fact, that a single engine of this kind is more complex than a double one. As mine 
engines they appear to be nearly abandoned, and therefore it is not necessary to occupy 
space ia describing a species which will be sufficiently understood by imagining two 
single engines acting on one beam, the one of which works at full pressure, and the steam 
which propels it acts expansively in the other cylinder during the next stroke. In both 
cylinders the steam has to change from the upper to the lower sides of the piston during 
the ascent. The ratio of the size of the expansion cylinder to the other should be deter- 
mined by the same rule as for double engines of this kind, (art. 426,) and in other respects 
th^ proportions should be as for single engines. 

425. — 7%e double engine with combined cylinders. This engine will be understood 
most easily with a simple mode of letting on and off the steam. Let C be the small cylin- 
der, Plate VI. Fig. 3, and D the large one, and S the place where the steam enters the 
pipes. The steam enters the small cylinder at a when the piston descends, and the portion 
below its piston passes through &, and rising in the passage c, enters the large cylinder 



^ If we take the mean between 6*5 and 9*2 or 7*85 it is what we may expect to be the ordinary coninmption of an en- 
gine with a variable resistance, when of the best kind. 

E E 



V 
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nt df while the steam passes to the condenser through e. When the motion is reversed 
by the slide being moved till the parts are on the other side of the passages, then similar 
motions take place in the reverse dhrections, and the vapour passes through y* down a 
pipe to the condenser. Thus the whole apparatus is reduced to a slide box, the rod 
of which has only one motion for each stroke, and though it is here shewn between 
the cylinders for convenience, it may be placed in the angle they form when close to each 
other. 

426.— 7%e proportions of combined engines. The smaller cylinder should have 
the same proportions as for a noncondensing engine working with steam of the same 
force, (art. 366,) and the loss of force must be the same, that is, 0*4 of the force of the steam 
in the boiler. 
The loss of force at the piston of the large cylinder, when its power is 1, will be 

First, by the cooling in the cylinder and pipes - . . . . *016 

Second, by the friction of the piston -------- -125 

Third, by the force necessary to expel the steam through the 

passages -----•-----.--- •007 

Fourth, by the power required to work the air pump - . - *050 

•198 

Consequently, *6 x *108 =s *1188 s the portion of the whole power, which added to the 
loss in the small cylinder, the total loss is '1188 + *4 = *5188, or *52 nearly. Hence, ify 
denote the whole force of the steam in the boiler, 3*7 the resistance of the uncondensed 
steam, and n, the times the capacity of the large cylinder is to exceed the small one, we 
have 

•52/ +3-7 • 

If for example the force of the steam in the boiler be 120 inches of mercury, then 

120 

(•52x120) +3 7"" 

1*82 = n, that is, the large cylinder should be 1*82 times the capacity of the small one ; if 
it be larger a loss of effect must necessarily ensue. 

427. — The power of a combined cylinder engine is easily ascertained from the inves- 
tigation, (art 382,) by substituting the proper constant numbers. The resulting rule for 
the mean pressure, supposing it to be collected on the surface of the small piston, is 2*3 
times the conunon logarithm of the number of times the large cylinder is greater than the 
smaller one, multiplied by the force of the steam in the boiler on a circular inch. Thu& 
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if the force be 120 inches of mercury, then the capacity of the large cylinder should be 
1*82 times the small one; .therefore 2*3 x log. 1*82 = *676: and as each inch of mercury 
is equivalent to *385 pounds on a circular inch, 120 x *385 = 46*2 pounds, and 46*2 x 
•575 = 26*56 pounds on a circular inch, for the mean pressure collected at the small 
piston. 

428. — ^RuLE. The mean pressure being found as above, let it be multiplied by the 
square of the diameter of the small cylinder in inches, and by the velocity of the 
small piston in feet per minute, the result will be the power in pounds raised one foot per 
minute. 

Divide by 39000 for the horses' power. 

Example. If the force of the steam be 120 inches of mercury, the diameter of the 
small cylinder eleven inches, and the velocity of its piston 160 feet per minute, then the 
mean pressure is 26*66 pounds; and 26*56 x 11* x 160 = 514200 pounds raised one foot 
per minute, or 

514200 _ 
33000 "" 

fifteen and a half horses* power. 

429. — ^The quantity of steam required per minute will be equal to the area of the 
small cylinder in feet multiplied by the velocity ; and the quantity of water will be found 
by dividing by the volume the steam of a cubic foot of water occupies, when of the force 
it is in the boiler, allowing one-tenth for waste. In the above example it is 

11 X 66 X 160 _ 
479 " 

*242 cubic feet of water per minute, or 14*52 feet per hour. The fuel will therefore be 
14*52 X 8*22 = 119*35 pounds of caking coal per hour, or 

1 19 35 



I5i 

7*7 pounds of coat per hour for each horse power. Comparing this with (art. 422,) we 
find there is no advantage in using two cylinders as regards economy of fuel. 

430. — ^The effects that may be obtained by engines of different species, have now 
been reduced for the first time, to definite measures, and their proportions referred to 
scientific principles. I have in these two sections endeavoured to render assistance to 
the practical engineer in as condensed and easy a form as possible, and yet with the 
minute circumstances in detail which are susceptible of variation by improvement in action 
ot construction. He will see that the sum of the particulars must he near the truth, and 
the circumstances which increase or diminish any one of them must be apparent, or easily 
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known by a reference to the article where it is investigated; and if he will be careful to 
distinguish actual practice from pretension, he will find that science and practice go hand 
in hand| the one supporting the conclusions of the other. I tmnk I assert an undeniable 
proposition when I state, that the ultimate bearing of practice is towards that which is most 
economically adapted for its object ; and the proper use of science is to assist in arriying 
at right conclusions with the least expense in trials. But at the same time that economy 
of power is considered, I think appropriate forms, good proportions, and excellent work- 
manship should be attended to in all machinery, and in many instances it is desirable that 
they should be beautiful ; for a beautiful machine will be so attended to as to produce 
economy where an inferior one would perish by neglect. 



I 



SECTION VII. 



OF THE PROPORTIONS, AND THE CONSTRUCTION, 
OF THE PARTS OF STEAM ENGINES. 



431. — Thet steam engine has hitherto been studied as a whole, but in order to become 
more perfectly acquainted with its nature, we must dissect it, and study it in parts. This 
forms the object of the present section. Some of these parts have to be considered only 
as far as strength is concerned, as beams, shafts, cross-heads, &c. ; others in respect to 
the motions they are to produce, as the parallel motion, the eccentric motion, &c. ; others 
depend on the combination of moveable parts with accuracy of workmanship, as pistons, 
valves, &c. besides the modes of constructing joints &c. According to the dependence 
of these parts on one another, it seems desirable tp treat them in the order of valves, pis- 
tons, stuffing boxes, hand gear, piston guides, parallel motion, strength of parts (as beams, 
cranks, wheel-arms, gudgeons, and teeth of wheels,—- *cross-heads and frames, — shafts and 
journals, — piston rods, connecting rods, and parallel motion rods, — cylinders, pipes, and 
boilers,) and joining pipes. 



Of Cocks and Valves. 

432. — Under the head cocks and valves may be included all those methods which 
may be found useful for opening and closing passages for steam. It is of some advantage, 
ill discussing their respective merits, to class them, and the most simple method of doing 
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this seems to be by the motion which opeus them. Following this method our arrange- 
ment is as ander. 



Rising 



Reciprocatiog 



Sliding 



Valves 



On an axis 



^ Rotary 



Conical, or cocks 



Flat valves. 




Conical 


1* Common. 
C. Homblower's 


Spherical 






^ Bramah*s. 


Flat 


< Murra/s. 




f Murdoch's. 



Cylindrical. 



i 



Throttle valves. 
Bettancourt's. 

Common. 
Four passaged. 
Bramah*s 



Plate or Bat i Regulator. 



433.— The office of a valve or cock being to open, or to closq a passage in the most 
perfect manner, and either instantly or progressively, as may be proper for the object in 
view, it is evident that those which offer the least obstruction to the passage, and are 
opened with the least force are the best Hence, the convenience of considering them in 
succession in this place, and referring them to their respective uses. 

434. — All the species of valves become more difficult to manage in proportion as the 
apertures become larger. The area of the passage when open should be rather more , 
than equivalent to that of the narrowest part of the pipe, and by comparing these areas 
the proportions of the valve boxes or apertures will be easily found for each species. 

435. — ^When valves, cocks, or sliders are to be moved to admit steam to a steam 
engine, the motion should be as quick as circumstances will permit, so that the passages 
may be wholly opened, or wholly closed at the proper tnne with the least delay ; for it 
may be easily shewn that a considerable loss of effect arises ifrom valves opening or shut- 
ting with a slow motion. 
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Rising Valves. 

436. — The common clack valve is one of the most simple ; in its common form it is 
a plate of leather a little larger than the valve aperture with a part of it fixed in the joint 
as a hinge« The leather is strengthened by a metal plate on each side, the lower one less, 
and the upper one larger than the valve aperture. It must open to an angle of about 30^, 
to allow a free passage equal to its aperture, and the box should be one and a half times 
the diameter of the valve aperture. 

Its chief application in the steam engine is for the valve between the condenser and air 
pump, called the foot valve, and for the blow valve, but on account of the heat of the 
water it is necessary to use metal instead of leather, and to grind the parts to fit. 

The foot valve 6, Fig. I, and Fig. 4, Plate V. is sometimes suspended by a hinge joint 
to the upper side of the passage, and falls against an inclined seat, the inclination being 
as much as to cause the weight of the valve to close it and not more. 

437. — ^A double clack valve, consists of two semicircular valves, and is used for pump 
buckets ; the construction of this is similar to the single clack valve, and the valves must 
rise to the same angle. They have the advantage of being more convenient than single 
ones for large pistons. The air pump bucket in a steam engine is furnished with metal 
valves of this species. See Plate V. p. Fig. 1, and 4. 

To afford a greater quantity of passage with less resistance to open the valves, a kind 
of pyramidical valve consisting of four triangular pieces is sometimes used, but the con- 
struction is complex, and without corresponding advantages. 

438. — A flat metal plate has frequently been recommended for a valve, particularly 
for a safety valve; it requires a guide sufficient to keep it in its proper seat ; ^hich may 
be most effectively done by a spindle sliding in holes in cross bars, above and below the 
valve. The diameter of the box should be to that of the valve as 3 : 2 ; and the parts 
should be ground together with emery, till they fit steam-tight. Its advantage as a safety 
valve is supposed to consist in its being less liable to stick fast, and with this opinion I 
perfectly agree ; in other respects it differs little from the conical valve. 

439. — The conical steam valve is a plate of metal, with its edge bevelled to fit into a 
conical seat, it is sometimes called a puppet or T-valve. The steam valves of Watt's 
engines were at first made of this kind. In this valve the diameter of the box should be 
to the greater diameter of the valve as 3 : 2, and it should rise not less than one-fourth of 
its greatest diameter when quite open ; but both these proportions must be increased if 
the valve be out of the centre of the box. These valves and seats are often made of brass, 
but gun metal is better, the plate and the seat for it being of the same metal. They are 
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turned as nearly to fit as possible, and afterwards the one is ground into the other, till it 
accurately fits the seat, with fine emery powder. 

The best angle for the valve to fit in its seat is forty-five degrees, for then the pressure 
is balanced by the reaction of the sides. With less taper the valve has a tendency to set 
fast, with greater it occupies more space. When the conical valve exceeds five or six 
inches in diameter, it requires great power to open it against the pressure of the steam, 
and therefore is inconvenient. Mr. Watt applied a piston to the stem of the valve, fitted 
to a cylinder of the same diameter as the valve, on the opposite side of the passage, and 
the steam acting on the valve and piston equally, the difiiculty of raising it was much 
reduced. 

When the valve is to be self acting, that is, to move as soon as its narrower surface is 
exposed to a given pressure, then the weight of the valve must be equal to the square 
of the diameter multiplied by the pressure in pounds in a circular inch. 

440. — A valve is sometimes made with the seat a portion of a sphere, and the valve 
either a portion or a complete sphere to fit it. This specie, under the name of a cup va/oe, 
has been strongly recommended for safety valves, and by suspending the weight below the 
^ valve it is expected it will in a steam vessel be constantly in motion, so as to prevent stick- 
ing. See U, Plate XVII. Fig. 1. In other respects the cup valve seems to be inferior to 
the conical valve. 

441 — Hamblotcer's valve. A common valve must often have to be opened against 
a pressure depending on its surface ; to avoid this, a valve on a different principle was in- 
vented by Hornblower. This valve. Fig. 4, Plate VI. is inclosed in a box, and consists of 
a short cylinder resting on two conical seats, one on the exterior of the cylinder, the other 
is an interior seat at the bottom of it. The valve is raised or depressed by the usual 
methods applied to the cross bar at the top, and it is guided by the rod which slides in a 
socket in the lower seat If there be strong steam on the upper side of the valve, and 
light vapour below, the pressure tending to keep the valve close is exerted only on the 
horizontal areas of the two seats, instead of being distributed over the whole surface of 
the valve.* 

This reduction of pressing surface is obviously considerable in large valves. The 
principal passage for the steam is very dh^ct, and at the lower seat the steam in its passage 
going chiefly down through the body of the valve, it is interrupted only by the cross bar 
at the top. 

442. — Improved form for Hornblower^ 8 valve. The obvious difiiculty of the valve^ 



* Professor Robison saw the theoretical advantages of this coostmction, but why has the account he gave of it been 
omitted in the> reprint of his works 1 
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is to make it fit steam-tight x>n two seats, but if we make the outside of the cylinder to 
slide in a stuffing box, or in an elastic packing of metal, (see V,FigJ, Plate VI.) that difii- 
culty is removed, and the largest valves may be fnade with no other resistance to being 
opened, than the pressure on the seat, and the friction of the surface 6f the cylinder. It 
is simply the common conical valve inverted, and tha( which formed the seat in the com- 
mon valve moves instead of the plate; and should obviously slide in a steam-tight case. 



SHding Valves. 

443.— The sluice is the oldest form of this valve, but its advantages for any other 
than rough work in wood do not appear to have been understood : indeed it was not to 
be expected that metallic surfaces would slide on each other so closely as to be tight and 
durable, unless very truly worked, and of a hard metal. 

Mr. Watt endeavoured to employ them at first but did not succeed, and it was not till 
more accurate methods of workmanship were introduced about thirty years ago, that the 
slide valve appeared. 

444. — Bramah*s slide vahe. This slide valve is extensively used for pipes of water 
works, breweries, gas works, and various other purposes, and is exceedingly well adapted 
for steam passages. It consists of a box with a slider at right angles to the passage, 
moved by a rod passing through a stuffing box. 

The slider is ground to fit accurately against the circumference of the passage with one 
surface, and is held close by a spring ; it is moved by a handle for small apertures, and for 
larger ones by a rack and pinion. 

445. — The first idea of employing slides for more than one aperture appears to have 
been to the air pump by Lavoisier or some of his associates, on which Dr. Robison has 
remarked, that a sliding plate performs the office of four cocks in a very beautiful and 
simple manner } he adds, however, ** that the best workmen in London thought they would 
be difficult to execute/' The same principle was applied to the steam engine by Murray 
in 1799, a sliding box answering the purpose of opening and closing four steam passages, 
to use Dr. Bobison's words '* in a beautiful and simple manner.''* 

446. — Murray's slide. The apertures all terminate in a steam-tight case, and within 
this a smaller box slides up and down, so as alternately to open and close the passages. 
A section of it is shewn in the annexed Plate VI. Fig. 5. The sliding part is moved by 
the rod o passing through a stuffing box. The steam from the boiler enters at S, and 
passes through a to the top of the cylinder, when the slide is down, while the passage c 

* Art. Pneumatics. Robiion's Mech. Phil. 

F P 
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to the condenser is open through the interior portion of the slide; in like manner when the 
slider is up, the passage b for the steam to the bottom of the cylinder is open, and the 
passage a from the top to c the condenser is open. 

A small reciprocating motion is obvioasly sufficient for the motion of the slide : its fric- 
tion from the pressure of the steam against the box is considerable ; bat in order to reduce 
it, the rubbing surfiaces should not be too small, and the harder they are the better ; for 
steam boats gun metal is used, but where salt water is not to be employed, the sliding 
parts which apply together may be made of steel, and hardened ; they then act and wear 
extremely well. 

447. — MurdoclCa slides. In slides formed in the preceding manner there is a loss 
of steam, in consequence of the apertures being opened and closed at some distance from 
where the steam enters the cylinder. This has been avoided in Messrs. Boulton and 
Watt's engines, where they have used similar slides invented by Murdoch, in which the 
strong steam is in the place assigned by Murray to the weak : and in engines with a long 
stroke, they make the two sliders separate, and move them by a rod of communication ; 
because it would be more difficult to fit a long slide so that there would be a certainty of 
its rubbing surfaces being in complete contact, as the least deviation of these sliders, 
whether at the top or bottom of the cylinder, would cause a great leakage^ Maudslay 
also, in his later boat iBngines, has adopted the same arrangement of slides as Boulton and 
Watt. See Fig. 2, Plate IV. 

448. — Slides are getting into considerable repute for many purposes, and even in ap- 
pearance the intricacy of a double engine is much diminished by using them. The contriv- 
ance of the slide to shut off the steam at any portion of the stroke is a point of some import- 
ance. Mr. Millington justly esteems the want of the power to do so a defect, and says it 
is common to the slide and four-passaged cocks ;* but this objection may be removed in 
both cases by increasing the quantity of motion of the sliding surfaces one-half. For this 
purpose the slide should be the depth of the aperture shorter than will cover both the 
apertures to the cylinder, (see Fig. 1, 2, and 3| Plate V.) and it should be moved twice dar- 
ing the stroke by an adjustable tappet : the first motion shuts off the steam, as in Fig. 
2; the second opens the passage to the condenser, and admits the steam at the other end. 
In this case let F and D represent the passages to the cylinder, S the place where the 
steam enters, and £ the passage to the condenser. Suppose the steam to have been 
admitted to the upper part of the cylinder by the passage F, Fig. 1 , and the slide to have 
been moved its first motion in Fig. 2, so as to cover F, and still leave D open to the 
condenser; then, at the next movement, Fig. 3, the slide will be at the bottom and admit 



Epitome of Natural Philosophy, p. 313. 
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steam at D, and F will be open, to the condenaer. The steam dboald encircle the pipe E ; 
it then does not increase the friction materially by its pressure. 

449. — ^The, chief object of attention in setting out a slide, is to shorten its motion as 
much as possible, so as not to reduce the area of the passages. The area of the rubbing 
surface can scarcely be estimated at less than eight times that of the passages, which will 
be about one twenty-fifth of the area of the cylinder, (art. 154,) hence, eight twenty- 
fifths s the pressure; and taking the maximum pressure to be doubfe the mean pressure, 
and the friction being supposed one-eighth of the pressure, it will be two twentyi«fiftbs of 
the moving force, and it will be, in a short cylinder in action, about one-fifth of the length 
of the stroke; whence the loss amounts -to about one sixtywsecond of the power of the en- 
gine. In long cylinders the ratio will be less. 

450.— The oyUndrieal slide of metal, like a piston in a tube, was applied by Edel- 
crantz to the safety valve, but such a slide would obviously either be sul^eot to stick fast, 
or allow steam to escape, as it would bear neither wear nor corrosion. WocdPs slide for 
regulating the quantity of steam passing an aperture is of the same kind, and seems to have 
no useful application whatever.* The attempt has been made to apply the metallic piston 
as a slide, and there is no doubt that it may be used both for that purpose and for the^ 
back of a flat slide ; the object must be to construct it so as to be tigi^ and wear equally 
when applied in a cylinder. The advantages of such a slide I have endeavoured to shew 
in Plates IV. and VLf 



Rotary Valves. 

45I.«^Axis valves are the most simple of the valves-moved by rotary motion. A i^alve 
of this kind consists of a plate of metal fixed on an axis in the passage ; the axis crosses die 
centre of the plate, and is made to pass through an Mr-tight apertqije to the ottfside. They 
are extremely useftil where perfect tightness is not required, as in the throttle valve, for 
dampers and the like. Belidor applied an axis v^ve to pump work* by putting- the ^xis a 



* PlulQsopbical Mtsaant, Vol. XVU. p. 164. 

t In Fig. 4, Plate IV. I have abewn a mode of coostnictipii jTor the pipton slifle, wl^d^ wouJ^i potpett^pie Mv^t^ges. 
A ring, cylindrical on the outside and conical in the iniide, may be cut into two or more parti, witl^ lap joints, and these 
parts may be expanded by the pressure of the steam on a conical part made to fit the interior of the ring ; on the opposite 
side there should be a plate ground to fit the surface of the ring, and between this plate and the bottom of the cone, an 
elastic packing of hemp should be inserted ; and the whole held together by nuts upon the piston rod. The steam aper- 
tures should be divided to that no tingle aperture should exceed one-eighth of the circamfemoe. 
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iitde to one side of the centre; it then, however, becomes so very difficult to fit, that its 
use has not been continaed ; and this difficulty must always exist in a valve with two seats^ 
otherwise it is easy to simplify Belidor's valve.* 

452. — A species of slide to revolve on an axis was designed by Bettancourt for a 
double engine ; such a slide would not, however,, keep in order for any length of time, and 
does not appear to have been used.f 

468. — Cocks are so well known as to need no description ; and on a small scale they 
are certainly the best adapted for opening and closing pipes of any thing that has yet been 
proposed. They do not answer so well when they are in constant action ; but even then 
it is doubtibl whether or not th^y are inferior to other methods, and much depends on 
their being properly constructed. For a single or common cock the plug should be nearly 
cylindrical, where it has to be exposed to much pressure. The common reduction of the 
diameter is about one-sixth of the lengfth. 

454« — ^For various purposes a double passage cock is useful, and in some cases one 
with a triple passage may be required ; but the one most commonly aprplied to the steam 
paissages of steam eng^es is of the kind called the four-way cock, and is in fact a rotary 
slide. Of these we have to consider two kinds : the common one the application of which 
was suggested by Leupold, (art. 12,) and applied by Trevithick ; and Bramah's improved 
one. 

455. — Afour'Aoay cock^ by its motion round its axis, opens a communication alternately 
from the boiler and condenser, to the top and bottom of the cylinder of a steam engine, Fig. 1, 
Plate IV. The simplicity of its action in some degree compensates for its friction, but 
there is the disadvantage of part of the steam being lost in the pipes at each stroke. Its 
form should be nearly cylindrical, otherwise its friction and tendency to wear unequally 
will be increased. When it is ground to fit truly, the pressure of the steam tends to keep 
the surfaces in contact, and to wear the cavity into an elliptical shape ; hence, it is soon ne- 
cessary to grind it to fit again. 

456. — The cock applied in this manner does not admit of the steam being cut oflT at 
any portion of the stroke without the use of other valves. But by dividing the spaces, so 
that the solid part on each side of the aperture by which the steam passes to the condenser 
is double the aperture, the cock may be moved at twice, so as to cut off the steam at the 
first movement, and leave the passage to the condenser open till the second. See Fig. 6 and 7^ 
Plate VI. The cock must move back and forward in this case, but it will be obvious that 
the disposition of the surfaces is such as will prevent the wear being so destructive as it i^ 
in the conunon form. 



" Architect HydrauUque, Tom II. p. 320. t Prony, Architect. Hydrauliqne, Tom I. p. 572^ 
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457. — Bra$nah* » Jhur^deay cock. In the c(»ninon one the pressure being wholly 
against the side of the conical plug, its wear is unequal and friction considerable : to re- 
move these, the conic frustrum is formed on a cylindric axis, and the steam is admitted 
upon its larger end, by which the pressure on the seat is nearly equalized ; and by turn* 
ing in the same diiection constantly the wear is equalized, notwithstanding the inequality 
of pressure. 

These cocks, with some deviations, have been very much employed by Mr. Maudslay 
in small engines ; and an example of their application to his portable engine is shewn in 
Plate XV, and the parts to a larger scale in Plate VIII. In the plan, C is the cylinden 
1 the four-way cock, and E the pipe by which the steam enters. The cock is represented 
with all the apertures shut; but the figure above the plan is a section through the cock. 
The steam enters at £, flows over the top of the cock, and by an aperture 6 in the top it 
passes either to the top or to the bottom of the cylinder, according as the aperture, in the 
side of the cone is turned to the one or the other of these passages. 

By comparing the effect of turning the cock to the right or left from the position it has 
on the plan, the manner of opening and closing the passages will be obvious. The higher 
passage leads to the condenser, (marked F in the two sections,) the middle one to the top, 
and the lower one A, to the bottom of the cylinder. If the cock be turned to the right, 
so that the opening in the triangular aperture through which the steam descends from 
the top is opposite the middle passage, then the steam will pass to the top, and the con- 
densed vapour will have a passage open from the bottom to the C4>ndenser, through the 
body of the cone. If the cock be turned to the left, the centre of the triangular passage 
will be opposite the passage to the bottom of the cylinder, and the steam will pass in that 
direction, and a passage from the top to the condenser will be open through the body of 
the cock. In this cock the motion is back and forwards. 

The escape of steam at the lower part of the cone is prevented by a packing of hemp 
round the cylindric part, and the cylindric part of the top is pressed by a sphral spring, 
with an oil cup H, and screw above it to act on the spring if occasion requires. 

The pressure and friction of this cock will not be greater than that of a slide, if both be 
equally well executed. The loss of steam in the passages is an objection, and the steam 
cannot be shut off without closing the passage to the condenser; this, however, is in some 
degree compensated for by the application of Field's valve. See Plate XV. 

468. — Four-^ay cock to cut off the steam at any portion of the stroke. The mode 
by which this may be done, is to make the cock so much larger that there will be the 
breadth of two apertures between the middle and each adjoining passage. The diameter 
will be increased only in the ratio of 10 to 8 ; the rubbing surfaces will remain nearly the 
same, and the cone will be more equally pressed into its socket. 

459.— Doteft/e passaged cocks. By fiu* the most simple method in practice would 
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prmsure, hence, the thicknew of the packing should be one-tixtli of the diameter. Pnic- 
tice is extremely variable on this point, but the mean appears to be not far distant from 
the rule. For leather on iron the friction is greater, the average approaching to ono-fifth 
of the pressure.* When the pressure on the piston draws the rod a thicknesB not more 
than four-tenths, that which is required when the rod is pushed will be sufficient 

It will be evident enough that the central part of the thickness of the piston adds little 
to the steadiness of its motion, thouffh it increases the friction ; hence, that construction of 
a piston has the advanta^ which renders the apper {tnd lower part a b tight, without 
putting a like sbress on the intermediate ones at A, 

464. — The common piston is a double cone of wood, F%. 19, haring'two bandsof strong 



Fig. 19. 
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leather fastened round it with nails or hoops. The joints in the leather are not e 
hut closed as accurately as poesible, and not put opposite to one another. 

465. — If the parts be made of metal, a cylinder of brass should be turned to fit the 
barrel or the cylinder it is to move in, Fig. 20, so that it will slide freely without sensiUe 
resistance. Then an upper and lower plate, made of sufficient thickness for the piston to be 
of the depth the diameter requh<es, confines two copped leathers, C C, with the edges cut 
to an angle of about 45°, 

Both these pistons have the advantage of the friction being at the upper and lower 
edges ; and bevelling the edges of the leather causes the force of the fluid to spread it 
against the aurfitce of the pump barrel. This mode of bevelling the leathers seems to have 
been first used by Mr. Smeaton for a fire engine bucket ; and the general principle -of 
coDstniction was first applied in his air pump in 1'^. Mr. Bramah applied it to the 
various parts of his presses, and found its advantage in the application of high pre»- 
sures. 



■ Bflidoi. who uami la htn Gnt tpplisd Utt Mlid puton, giua tlw pioponioiu to thmt tba thickaau ii Dwrij winal to 
the diuaeW ( tba ftictioo, with auch a praponioa, nmt b« gnatlj incnuid, u il mwt bs in era; put •ir-tiflit- Hb 
plaut in Mtothw pttc* (Imw th« Uuckaeu MHMwhtt iMt thtn OM-thinl. Archi. tljdnu!ique, Vot. It. p. 1 17 et 323. 
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466, — The atmoapberic engine piston cobsists of a plate of cast iron, about oii&«ightk 
of an inch Icm in diameter than tbe cylinder, and about one inch and a balf thick, formed 
with a rim abnat four inches from the edge. A flat ring corresponding to the part beyond 
the rim is fitted upon it, and both have holes for bolts to screw them tos^ther, which is done 
after a packing of soft hemp or gasket, saturated with tallow, has been inserted. In ordvr 
to render it more tight a portion of water is kept constantly on the upper side of the 
piston. 

Smeaton had a superior method of constructing the piston for atmospheric engines, 
which rendered the loss by the condensation of steam much less. The construction of 
that for the Chase Water engfine, with a seventy-two inch cylinder, being given, will shew 
this method, Tlie bottom of the piston was made of wooden planks fastened by bolts 
to (he piston plate, with rings on tbe under side of the planks to receive the beads of the 
bolts. The advantage of wood for this purpose, in cases where the injection is made in 
the cylinder, is obvious. See Fig. 1, Plate VI. 

The plank bottom, of elm or beech, was about two inches and a quarter thick when 
worked, and was formed by two planks halved together, in the form of a cross, and 
grooved on the edges with a three quai^er inch groove, to receive the ends of the pieces to 
fill the corners between the cross; put in so that the pieces may have the grain radiating 
from the centre : a few rivets to hold the cross planks together were inserted where ihey 
were halved into each other, at their intersection, and the whole being hooped with a good 
iron hoop half an inch thick, and two and a quarter broad, it bound all tight together. 
The outside diameter of the hoop was a quarter of an inch less than the cylinder. The 
flat iron rings for the under surface of the piston, should be let in flush with the surface 
of the wowi, and the bolt heads counter sunk ; the planking was screwed on with a double 
thickness of flannel and tar between it and the iron piston plate, and any irregular hollows 
filled up with additional thicknesses of flannel and tar, so as to exclude the air between 
ihe plate and the wood. The bolts were carefully secured so as to make a water-tight 
joint from above. The plank was covered on the lower side by a lining of deal boards, 
shot clear of sap, and three quarters of an inch thick, nailed to the planks, with a single 
thickness of flannel and tar between so as to exclude the air ; after this tbe lower surface 
of the lining was made perfectly flat and smooth. 

467, — The hemp packed piston is now mast commonly employed for steam engines, 
and the usual mode of construction is as follows. The bottom of the piston b, Plate VII. 
Fig. I, is fitted as accurately to the cylinder as it can be done, to leave it at full liberty 
tu rise and fall through the whole length. The part of the piston immediately above this 
is from one to two inches, according to the size of the engine, less a)[ round than the 
cylinder, to leave a circular space into which unspun long hemp, or soft rope prepared 
for the purpose, and called gasket, is wound as evenly and compactly as possible, to form 
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the packing. This packing is compressed together by a plate or cover C, which is put 
over the top of the piston, having a projecting ring to fit over the lower part, and com* 
plete the upper side of the space for the packing, the pressure being produced by screws 
S, S, &c. Both the upper and lower part of the space round the piston, to contain the 
packing, is a little curved, that the pressure produced by the screws on the packing may 
force it against the inside surface of the cylinder^ into as dose contact as possible. 

The screws being tightened when the piston is in the cylinder, the particular form of 
the piston has the effect of squeezing out the packing, and causing it to press forcibly 
against the inside of the cylinder at its upper and lower edges* When the packing wears 
so as to become too small by use, these screws, which are more or less in number accord- 
ing to the size of the piston, are always resorted to for tightening it, as long as they are 
capable of acting, and when this is no longer the case, the piston top must be removed, and 
an additional quantity of new packing introduced. The piston rod is generally attached 
to the bottom part of the piston, by passing it upwards into a conical hole made to receive 
it, to which the bottom of the rod is exactly fitted, and a screw nut, or a wedg^, between the 
top and bottom is inserted which eflTectually secures it. 

The piston is kept supplied with melted tallow by means of a funnel on the top of the 
cylinder lid, provided with a cock to prevent the escape of steam. 

468. — Woolf^s piston* In the usual method, whenever the piston, by continued 
working,, becomes too small and occasions a waste of steam, it is necessary to take oflT the 
top of the cylinder, in order to get at the screws, even when fresh packing is not wanted. 
This being laborious work, is therefore generally avoided by the person who attends the 
engine, as long as it can possibly be made to work without taking this trouble ; and the 
n^lect occasions a great and unnecessary waste of steam, and consequently of fuel in 
proportion. ' 

The object of Mr. Woolfs improvement is to enable the engine man to tighten the pis- 
ton, without the necessity of taking oflT the cover of the cylinder, except when new packing 
becomes necessary. He accomplishes this by the following methods. 

To the head of each of the screws a small toothed wheel is fixed, so that it may be turned, 
and therefore tightened, Iby means of a central toothed wheel which works upon the piston 
rod as an axis ; if one of the small wheels be turned, it turns the central wheel, and the 
latter turns the others. The one which is to be turned by the handle is furnished with a 
projecting square head, which rises up into a recess in the cover of the cylinder. This 
recess is surmounted by a plate fixed on with screws called a cap or bonnet, that being 
easily taken oflf, or put on again in its place. 

The other method is similar in principle but different in construction. Instead of having 
several screws all worked down by one motion, there is in this but one screw, and that 
one is. a part of the piston rod, Plate VIL Fig. 2 ; on this is placed a wheel d of a convenient 
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diameter, the hole in the centre of which is a female screw cut to work into that of the 
piston rod. The wheel is turned round so as to tighten the piston by means of a pinion 
a, provided with a square projecting head for that purpose, rising into a recess in the cylin- 
der cover of the kind already described, and the cover or top plate is prevented from 
turning with the wheel by means of the pins e e, called steady pins. 



Metallic Pistons. 

469. — Cartwrighfs piston. The idea of employing metal instead of elastic vegetable 
matter, to render the pistons of steam engines tight, was one part of the patent obtained 
by Cartwright in 1797. It consisted in using six or more solid masses of metal in the 
place of the usual packing ; these masses being segments of rings, a a. Fig. 3, Plate VII. 
made to fit the internal surface of the cylinder, widi a second series b 6, crossing the joints 
of the other, and both series were pressed i^inst each other and the cylinder by V- 
springs ; and by having two sets, with the joinings of the rings in the one set, opposite the 
solid parts of the rings of the other set, the escape of steam at the joints was to be pre- 
vented. The upper and lower parts were connected by plates to which the piston rod was 
joined. (See the section, Fig. 3.) 

The two exterior rings of brass were made of the full size of the cylinder, and cut into 
several segments, as shewn at a a a, and laid one above the other so as to cross the joints. 
The joints in the under rings are shewn by dotted lines in the figure, and in like manner 
are disposed the two interior rings, both being confined to their places by a top and 
bottom plate to which the piston rod is fixed. The s^^ments are pushed away firom the 
centre by steel springs, of the form of the letter V. 

Pistons on Cartwright's plan have not been quite successfiil in practice, when the cylin- 
ders have not been truly bored ; and the causes were pointed out very clearly by Mr. W. 
Nicholson, soon after the invention was brought before the public* The pieces forming, 
the piston having a determinate curvature, and being too strong to be sensibly flexible, 
cannot be expected to accommodate themselves to any irregularity in the cylinder in 
diflTerent parts of its length, as is done by the ^astic stufling of hemp. And (herd is 
reason to doubt in applying them whether' the pressure of the rings or pieces together, 
has not been too powerful for the springs to perform their oflice when applied in this 
manner. 

As to the actual diffbrence between the friction of metal, and h^p against metal. 



* PkiloiophiGftl Jooraal. 
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when the pistons are equally Bteam-tight, it is undoabtedly in farour of metallic pistons, 
(art. 463,) 

AlOj^^BcarUmfs piston, A piston -considered superior to Cartwright's, was made by 
Mr. Barton, Plate VIL Fig. 4. It. consists of cme thick ring E, of brass or cast iron, made 
very nearly to fit the cylinder, and then cut into three or more equal segments ; the equal 
triangles remaining are used as wedges to expand the segments of rings into a larger 
circle. The segments, and small triangles or wedgies, are secured between a top and 
bottom plate, as in the piston last described, with spiral springs to press the triangles out- 
wards from the piston rod, making them act as wedges to press the segments against the 
inside of the cylinder, and as these wear by use, the points of the wedges themselves pro- 
trude, and being formed of the same metal, still make part of the piston. A piston of 
this kind, and a true cylinder, has been known to work for some years without requiring 
any other attention than keeping it properly greased, but it is easy to prove that the 
wedges and segments do not expand equally, hence, in this state it was not applicable to 
high pressures; besides, the imperfection of Cartwright's piston still remained. It hds 
however been recently much improved by Barton, and therefore I propose to describe it 
more fully in its improved state. 

The piston is represented by a plan and section, Fig. 4. It is composed of a solid cy* 
lindrical cast iron body A, having a conical hole, B, to receive the enlarged end of the 
• piston rod 6, to which it is secured by a cross pin D, passing through both. A space 
or groove is* formed round the body of the piston to receive four brass, cast iron, or cast 
steel hardened and tempered, segments, marked E, which are spread asunder by four 
triangular wedges G, of the same metal as the segments, acted on by eight spiral springs 
of tempered steel. These springs are inserted in cylindrical cavities at both ends, in order 
to render them secure from bending, and yet allow them to play freely. W^ith the same 
view each spring has a cylindrical pin of steel within it, a little shorter than the spring. 
In pistons made for high pressure steam there are three grooves, formed round the ei^terior 
part of the segments, as in Fig. 5, the middle one a designed to hold oil, or grease, to lubricate 
the rubbing surfaces. The upper and lower grooves 6, 6, are for hoops of tempered steel 
having a fbrked loose joint, (as Fig. 6,) at one point in each. These hoops are nicely, 
fitted to the grooves ; and when the piston is placed in the cylinders their jointed eada 
meet. Each hoop is prevented from fuming round in the groove, by a pin or stud, in 
order that the two hoops may not have their joints opposite to each other. These hoops, 
or rather springs, form an important addition, and assist greatly in preventing the leakage 
which otherwise would take place through the unequal expansion of the segments and wedges. 
For the point of the wedge will move outwards over n m, while the segments move only 
over n o, and consequently would wear the cylinder into grooves, were it not rounded off, 
and the hoops added, to prevent the escape of steam. 



] 
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But by combinkig hardneflB caid elMticity, BaidoB h«» done ttueh to render theee pi^ns 
tight and durable: they atill however depend ^diieiy on the skQl of the workman; when 
they are done well by a person who understands them, ihsy undoubtedly answer effeo 
trrely. 

471, — To aroid the efieet which the iinequal expansion of the' fMurts of Barton's 
piston produces, I would recopuneud the construction ahewn by Fig. 7, where the wedge- 
formed pieces do not extoid to the surfiice of the cylinder; and to prevent tb^pe being 
an aperture at each jomt, two series of segmentaand wedgses ahould be ^used, as shewn in 
the section : the jointaof the lower series are ahewn by dotted lines in the plan. 

472. — It is of importance- to remark,, that the metallic packing is pressed so as to be 
steam-tight by the steam itself; and it is essential to their perfect operation that the steam 
has egress to the cavities m the piston, and that the parts fit perfectly against each other 
in all the horizontal joints. Let strong steam be on the upper side A, of the piston, Fig. 7, 
and the lower side B, be open to the condenser ; then the steam enters at the joints e e, 
presses the segments close on the lower plqytes, ^d fills the interior so as with the assii^t- 
ance of the springs to press the segments outward against the cylinder. Also when the 
lower side is open to the steam, and the upper one to the condenser, the steam enters 
at y,y^ pressing the segments close against the cylinder and upper plate. If this were 
not so the springs could not possibly press with sufficient force to keep the joints steam- 
tight ; for a fluid cannot be confined by a force less than its own elastic force, and hence, 
the pressure producing friction is always greater than the pressure of the steam oi^ the ^juib- 
bing surface, by that due to the pressure of the springs.* . 

473. — Jessap^s piston. A completely different method of applying metal to render 
pistons steam-tight was invented by Mr. Jessop, and secured by patent in 1823. It consists 
of an expanding coil of metal, which binds round the piston body in a spii;al, form. Fig* 8, 
Plate VII. shews a section of a piston of this kipd^ w}^re A, A.i^ the elaijtic spiral of iQ^tal, 
which when at liberty and removed from the piston, assumes the form shewn in Fig. 9. 
To form a piston of this kind a bed of hemp packing, B B, is first prepared, which answers 
the double purpose of preventing steam passing at the joints, and of supplying a means 
of pressing the springs against the sui:face of the cylinder* A sm^l addijtipn of hemp 
packing is at times nepf^sisary to make up for the wear. 
%he actipa of the stream in keeping this pistoja tight^ is by pressure on the lop and bottom 



• So little is known by man^r mechanicians of the nature of the action of pistons, ^at it is not unusual to bear them 
express an opinion on the friction of a piston from the force which it requires to move it in an open cylinder -, and on a 
level with it is the method of estimating the friction of an engine by the power it requires to move it when it is doing no 
work. The true state of the fact is that the friction is as the stress on the parts, and this stress bears a relation nearly 
in proportion to the work done. 
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plates, as in the common hemp packed pistons. The pressure and wear of these^^istons 
will be more equable than in the other metallic kinds, when they are equally well made ; 
and they have been as successfiil in practice,* 

474. — Of the Jriction of pistons. The nibbing surface of a piston must be pressed 
against the cylinder with a force at least equal to the pressure of the steam it confines, 
otherwise the surfaces would separate and the steam escape. Now it has been shewn 
(art. 463,) that the thickness of the rubbing surface should be equal to that portion of 
the diameter which expresses the friction ; therefore, let r be the friction when the pres- 
sure is unity, t = the thickness, d =s the diameter, and p » pressure of the steam ; then, 
3*1416 t dp r = the friction; or since t ss r df it is 3*1416 p d^ r^ ^ the friction; to 
which one-tenth may be added for that of the piston rod. 
The moving force is 

4 

consequently that part of the moving force equal to the friction is 

4-4 X 31416 »rf«r^ 

31416;>rf' -'»*'^. 

In double engines with metallic pistons, 4'4 r* = 

4-4 _ 

8x8"" 

•069 of the power. 
In double engines with hemp packed pistons 4*4 r' =s ' 1 

4-4 _ 
6 X 6 "" 
*I222 of the power. 

In single engines with hemp packed pistons *4 x 4*4 r* = 

176 _ 
6x6" 
*049 of the power. 

In high pressure engines the friction is supposed to be in the same ratio, but the loss of 
steam past the piston being iii respect to the power in the inverse ratio of the diameter 
of the piston, I have assumed the friction and loss to be two-tenths of the power, and'that 
because it corresponded with observation in two cases where I had a tolerably certain 



* An airangement of the parts of a metallic pUton wai one of the objects of a patent obtained by Perkins ; but it is 
ao obyiotuly inferior to those already deicribed» that it will be tnffident to refer to it. See Repertory of Patents, VoL I. 
p. 234. 
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means of comparing the power and effect. Calculation gives the loss a little more ; see 
note to (art. 384) 



Piston rod Collar a^ or Stuffing Boxes. 

475, — The piston rod collar, or stuffing box, is a contrivance for rendering the place 
wliere a smooth rod or plunger passes into a vessel air-^ght This mode of giving motion 
without admitting air must have been long in uise ; we meet with it in various works 
without an allusion to the time of its invention. It w so similar to the construction of a piston 
that a separate detail seems scarcely to be necessary. As in the piston, so in this the effect 
is produced by elasticity ; and leather, hemp, cotton, cork, and metal have been used for 
the purpose. 

Where the heat of steam is not likely to be injurious, leather is generally employed. 
It was first applied in discs, cut to fit the rod, and pressed together by screws. The 
next was cupped leathers, and the first instance of their application seems to have been at 
the York Buildings water works,* and they were used by Smeaton, for his air pump ; 
he also applied them to the piston rods of the blowing machines at Carron ; and describes 
how to form the cups by stamping them into a cytinder of the size of the rod they are 
intended for.f What renders Smeaton's stuffing box for the blowing cylinders more 
curious is, that he uses a block of hard wood for the rod to pass through, and the rods it 
seems were draw-filed. The application of cupped leathers to the plungers of the hydro- 
static press by Mr. Bramah, put them to the test on a large scale, under immense pres- 
sures. 

476. — The stuffing box with the hemp packing is made to fit tight round the piston 
rod in a manner nearly similar to the piston. A collar with a hole through it, just suffi- 
cient to give easy passage to the rod is screii^ed down, to confine the packing, and cause it 
to press against the rod ; it is cup-formed at the top to contain tallow to grease the rqd. 
See Plate IV. and V. 

477. — ^Metallic packing was tried for piston rods by Cartwright ; and has since been 
much improved by Barton. It is however a part of so much less importance Ihan the 
piston, that it will not be very often thought prudent to be at the expense, though the 
ingenuity of the contrivance renders it desirable to describe it. Barton's metallic substi- 
tute for stuffing boxes is shewn m the annexed figures; where D is the piston rod, £ the 



* Architectare Hydnulique, Vol. II. p. 62. Description of the Pumps of York Buildings Water Works, London, 
t Phil. Transactions, Vol. XLVIl. p. 415. Reports, Vol. I. p. 360. 
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box wUh a ledge fiir tiM cUt^ inMi pkt* P to NM oht and O flnotfier above it to renive 
the cast iron plate H, The corer I of the box ia secured by screws id tfae nsUftt nmnber, 




with plates pf lead in the jointt J, and II, for the pui^ioM of majElDg' the jointi deter. 
The three principal metal blocks L embrace the piston rod D, and three wedging Uodu 
M fill up the spaces between them. Tw« A4n hoops N N of tempetvA ated, finnly 
riveted bother al tbeiv ends, mrroDikd the onHide of the bloelcBj bindiag; upoa At 
rounded esterioj^ angtea of the blobks, sbmI tbew ai^lea an> left on in tbe midtHe to haey 
the hoops in' their pliwe*. Al eadi of tbe e«tc*kn< angles of &e blocks L, tbet* mn twi 
spiral springs, fitted to cylindrical holes, and also provided with cylmdridd pins, as'tboR 
of the piston. By thMe and Uie elastio hoopa the bktdu L are stHHigly pmeed -toward 
tbe puton rod. Two-bthev lloops a a of elwtift sted, cut acAMt, are inserted im tm 
groove* to bcj itt eoutaet #ftfa th« rod* a»d Hnrtt to cloae tb« joints more perftedy t ik^ 
ate fixed in a alHfltt^ manitet^ t& Ae nogn loanA dt» pirtiw belbw itescribed:' IM 
middle gi*oove 9, ^ fbrtAetf bM^'eeuthe twfi others to re«etve greMfc, «>d a cirahr 
cavity S S, is also made around the bole in tbe cover of tbe cylinder for the iMW 
purpose.* 

• Gill'i Tachiunl BepantoTf, TOl. IV. p. 343. 
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Jn constructing this collar the blocks L sliould be parallel, otiierwiso the wear will be 
irregular, and the spriogs will soon be ineDective; the blocks M should not wear unles.« 
the piston rod wears ; and I do not expert that if will be steam-tight, i/ it be not assisted 
by a hemp packing behind the hoops N N. 



Modes of opening Valves, Cocks, and Slides. 



47S. — The motion may be given either from the reciprocating or from the rotary 
parts of an engine. In engines wiiich have do rotary parts, motion is commuoicafed to 
the valves by a rod or beam, called a plug tree, attached to the engine beam near to the 
end moved by the piston rod. This plug tree is provided with certain adjuetible projec- 
tions cnWed tappets, which strike the lovers or handles of the valves, and thns open and 
shut them at the proper intervals as the beam asceuds or descends. These handles turn 
on axes, and act as levers to move the valves, slides, or cocks. The most important point 
is to render the action certain, for the effect of the engine depends on the passages being 
opened and closed at the proper times. When valves are employed they are generally 
opened by weights. See Plate IX. Fig, 3. A weight w, suQicient to overcome the friction 
and open the valve, acts by a short arm a on the axis, which requires to be turned to move 
the valve; the weight is kept suspended by a spring catch b while the valve is close, and 
when the catch is disengaged by llie handle c, being moved by the tappet d, the valve 
opens. If the valve be large it requires a considerable weight 10 to open it against the 
pressure of the steara ; and in that case either the valve described in (art, 442,) or Watt*s 
mode of relieving the pressure may be adopted. It will naturally be inquired, nhy 
weights arc raised to open the valves instead of using the direct power of the beam. The 
only reason assigned for so d^ing, is, that a weight opens a valve more rapidly, and the 
loss by closing them slowly was not quite so readdy detected ; though the absolute loss 
is about the same, and the practice is beccnning more common to open them by direct 
action. 

The descent of the weight which opens a valve is regulated by an ingenious method : 
it either descends into, or forces a piston into a vessel of water, (see C Fig, 3, Plate IX,) 
while the aperture by which the water escapes from under it, may be increased or di- 
minished at pleasure; the weight therefore acts with its full force to open the valve, but 
as soon as it begins to move it is retarded by the water, till it be finally stopped. Durin? 
the ascent, a valve opens inwardly at the bottom of the vessel, and therefore the engine has 

I DO more than the weight to raise again. 
11 II 
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111 engines for raisiiig- water this mode of opening valves has always been followed. 
The ditKcuIly of opening large valves was probably the cause of its iiitroductioD, and the 
ingenuity of its mechanism has preserved it in use ; but I think there will be an advan- 
tage both in simplicity and efTecl, to let the motion of the plug tree act directly on the 
valves, as shewn in (art. 482;) the tappet by which the steam is shut off should be capa- 
ble of considerable range, whether for adjusting by hand or by a self-acting apparatus. 
<.See art. 554.) 

479. — In an engine having a fly, it is esteemed better to apply an eccentric wheel 
within a hoop upon the fly-wheel shaft, and this by ils revolution alternately pushes and 
draws a rod connected to the hoop, and thus gives motion to the valves, cocks, or slides. 
Such an apparatus is shewn at Fig. 2, in Plate XV. in which N is a cross section of the 
fly-wheel shaft, and h the eccentric wheel fixed upon and revolving with it ; a circular 
hoop of metal encompasses the eccentric wheel in such a manner as to permit its turning 
round, and from this hoop the arm t projects, and it is braced to increase its strength. It 
terminates in an arm upon a centre, which by a second arm gives motion to the rod /; and 
causes another axis to move, which by a pair of bevelled wheels moves tbe cock of the 
engine partly round upon its axis », and back again. The advantage of an eccentric 
wheel is the easy changes of motion it makes ; for being constantly moving it gives no 
stroke at the times of change; and in large engines part of the weight of the eccen- 
trie apparatus is balanced by a weight, so that there is only a slight pressure on tlw 
shaft. See Plate XIX. 

Let r be the radius of the eccentric circle, and d the distance of its centre from (be centre 
of motion; then r + d — (r — d) will be the extent of the movement, = 2 rf, or twice 
the eccentricity ; and in any other position the place counted from the centre will be 
( d COS. « ) where a is the angle between the centres, whose cosine is equal to the horizon- 
tal distance. When they are in a vertical line, n = 90, and cos, n = 0, and the distance 
is n, and this corresponds to the termination of the stroke. Now we know from tlie nature 
of the circle that the cosines increase rapidly at (ir«t in departing from the angle of 90"; 
but at one-sixth of the stroke counted from either end of it, a valve, a slide, or a rock 
can be only half way opened, and unless its motion be greater than that required to open 
it, the tin:e it will be about fully open will be only one-ninth part of tbe stroke. 

480. — Eccentric rollers to raise the valve rods have (he same defect; but the appli- 
cation is ingenious. Conceive the shaft Y, Fig. I, Plate VIII. to be kept in motion by tbe 
crank shaft of a double engine, causing the shaft Z to revolve by means of the wheels 
7, 8; Iben if on Z two eccentric wheels 4, 4, be fixed, under two rods which slide verti- 
cally in guides, (see s, s, Fig. 2,) and provided with friction rollers 3, 3, the revolution of 
the shaft Z will alternately raise and depress the rods, which, by the ur>ns 9, 10, 1 1, 13, 
raise and depress the valves by their stems. The lever or handle 13 is used to open or 
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dose the vdves by band in setting to work, &c. It will be remarked that this construc- 
tioa does not admit of cutting off the steam without also shutting the condenser. 

481. — ^As far as regards opening and closing the passages more rapidly, a good im- 
provement has been made on the eccentric motion, by altering the form of the portion 
fixed on the shaft so as to act more nearly as a tooth or cam, and by placing adjustible 
spanners on the eccentric rod ; but why not at once form it as a tooth, or a series of teeth 
in the best manner to produce the movements required ? Suppose the object be to cut off the 
steam at some part of ihe stroke by a slide or cock, then there must be two motions, the 
one double the length of the other. Let A B, Fig. 1, and 2, Plate IX. be the first, and B 6 
the second, and from the centre D describe circles through these points; setoff A £ for 
the time to be expended in dosing the passage to the condenser, and A F for the time of 
opening the passage for the steam ; then, that the action may be easy, the curve H G 
should be drawn, so that each of its parts may be a* parabola, the one with its vertex at 
H, that of the other, at G.* To produce the second motion another wheel should be 
placed on the same axis, behind the first one, with the curve I K. If these curves have 
corresponding ones, and act on connected rollers, the motion will be certain, and the range 
confined, and the motions of the engine may be reversed in the case of boat or carriage 
engines ; for the position of the slide being changed by hand, the pressure of the steam will 
impel the crank shaft in the contrary direction, and the toothed wheel will move the slide 
or cock in the proper directions. 

In order that the steam may be cut off at any period of the stroke, according to the re- 
sistance or the work on the engine, the wheel with the curve I K may be made to slide 
round on its axis, and the curve I K may be placed so that the period of cutting off the 
steam may be varied from N to O. 

482^ — If valves are to be opened, the weight of the valves and rods is generally 
sufficient to close them, hence, the rods do not require to be connected so as both to push 
and draw, but on the other hand a separate rod for each valve is requured for a valve 
engine to work expansively,t and the toothed wheels or cams to move the rods wQF 
be placed with most advantage under the rods, as . on the axis Z, Plate Vlll. Fig. 
I, and 2. 

* The best curve for generating motion from rest U the common parabola. See Emerson*! Mechanics, ito Ed • prop. 
9Ucase3. 

t From the nature of the motions of the valves, slides and cocks being incompatible with the employment -of the 
eipanding force of steam in the engines of most makers, we infer that, Boulton and Watfs excepted, very few have 
availed themselves of this great source of economy. The proprietors of engines are too anxious about the power that an 
engine of a given sited cylinder poesesses, forgetting that if an engine work with a minimum quantity of fuel, it must have 
a larger cylinder to do the same work. In estimating the comparative economy of engines, nominal power should not be 
eonrideredf but the effect produced by each pound of fueL 
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488^— To apply the same principle to a reciprocating engine ; let A B^ Fig. 4, 5, 
Plate IX, be tlie plug tree, with the cnrre C D to act on the roller at C, which as soon as 
the plug tree descends to C» begins to caose the roller firame to slide, and turn die axis E 
so as to depress the slide rod by the arm F. The steam will be shut off by H I on the 
descending stroke, and by K L in an ascending one. 

484 — ^To regelate the period of cutting off the stroke^ the portions containii^ the 
curves I H, and K L, may be made in two parts, to slide side by side by means of a screw : 
and if the rod having the screw upon it slides in a wheel acted upotf by either a governor 
or other regulator, the engine will regulate itself. (See art. 654) 

485. — In all cases an axis to be alternately moved in opposite directions should be 
balanced, and the stress of all heavy parts should be relieved by counter balancing tiiem 
by weights acting on levers. The hand gear should Jbe a power proportioned to the force 
required to move the slides, cocks, or valves, (see art. 449.) 



Piston Guides. 



4g6..^The motion of the piston rod should be in a straight line in the direction^of its 
length, and when the point it acts upon describes the part of a circle, the construction must 
be such that each may* be confined to its proper motion ; and yet the piston rod must, pro- 
duce the circular motion with as little' oblique action as possible. 

The most simple method is to confine the piston rod to its direction by means of a guide 
or guides, and to let it act on the part which moves in a circular direction by means of a 
connecting rod. To reduce the friction of the guides, rollers may be added. A very 
simple and efficient combination of this kind is shewn in Plate XV. Fig. 1. A wheel or 
roller F is fixed on the piston rod D, and is confined to a vertical motion by the guides 
G G, and the motion is transmitted to the crank I by a connecting rod H H. When the 
fly is of sufficient power the whole loss of force in this combination is simply the friction 
produced by oblique action, and is less in proportion as the connecting rod is longer; 
provided the stress from weight be not materially increased.* 



* The whole increaie of ttreti required for converting a reciprocating into a rotary motion cannot doable the friction on 
the crank axis in any caie, and as double this friction never amounts to a tenth part of the power of an engine, there it no 
reason to hope for an equal degree either of economy or simplicity, by using the roUry action of steam. fSee art. 
313—317, and ths table, art. 487. 
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Cranks. 



* 

487.— The crank is one of the best contriTances for ohanging a reciprocating into a 

rotary motion. There are three different cases : 

First, the moving force may be uniform and in a straight line. 
Second, the moving f<n*ce may be uniform and in a curved line, 
Third, in either case the force may be variable. 

A crank increases the velocity of the moving force, and in the usual construction, in the 
ratio of the circumference of a circle to twice its diameter ; but this ratio is susceptible of 
variation, as is also the action of the power. This will be evident from the annexed figure ; 
as if A B be the motion of the piston rod, the crank may be any where in the lune repre- 



FiG« 22. 



AO 





sented in dotted lines. If we sum up the forces acting in the circle, we find them exactly 
equal to the mechanical power in the straight line, the additional fricticm excepted. 

The following table is calculated for a uniform force acting in a straight line; the mov- 
ing force in the straight line is supposed to be 1, and the table shews the pressure it pro- 
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daces iu the direction of a tangent to the circle, at the quarters and at every thirty degrees 
of its path. It will enable the reader to judge of the effect of a variable force ; and where 
the acting point describes a curve, it is less regular but not so different nor so important 
as to require investigation : the last column is added to shew the additional stress on the 
axis above that which would take place, if the axis were turned by toothed wheels.* 



* When the moving force reciprocatet in the ttitight line A B, and the end D of a connecting rod ia moTed round in « 
circle. Let a be the angle the connecting rod forma with the directiott A B of the motion, and e be the angle or arc described 
counted from E. The force, in the direction of the connecting rod, is P lec. a, where P is the force when the rod is ver- 
tical. Also, 

1 : sin. ( c + ^ ) : : P lec. a : P sec. a k sin« ( c -f- a ) as 
the force in the direction F D of a tangent to the circle, Bnt,2tin. ( e -f- a ) as sin. c. cos. a + sin. a. cos. c, (see 
Gregory's Trigonometry, p. 42,) consequently, 

P ( sin e. COS. a + sin. a. cos. e ) sec. a a* 
the force. Also, since when the connecting rod is » times the length of the crank, sin. c = n sin. a. we have 

n • / cos. C , \ 

P Sin. c f =r- + 1 ) 5s 

^ ^n« — sin. 'c / 

the force at any angle c. 
The additional stress on the axis or shaft, and consequently the friction, is as 

_ / _ sin. •€ \ 

P ( cos, c + -: I- 

V ^ n« — sin. •€ ' 

The lower sign to be used after the rod becomes a tangent to the circle ; the additional friction is therefore never greater 
than 

Prf 
I6r * 

where d is the diameter of the shaft, and r the radius of the crank, both in inches ; the friction being one-eigblh of the 

preuure. 

By construction of the figure the above ratios may be found; for if C O be the pressure, F D is the foree in the circle* 
and C F the stress on the axis. 
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Table of the Variation of rotary Foree^ when a Crank is impelled by a constant Force. 



Portion of 
die stroke de- 
scribed, the 
whole being 1 


Portion of 
circle descri- 
bed, in de- 
grees from the 
beginning. 


Proportion of the length of the connecting rod to the length of the crank, 

the crank being 1 


The stress on 
theaxiSfWhen 
the connect- 
ing rod is 6 

tiroes the 

length of the 

crank. 


2 


3 


4 


5 


6 

> 


7 





0« 




















10 


067 


30 


•72 


•65 


•61 


•59 


•57 


•56 


•825 


0-146 


45 


•97 


•87 


•83 


■80 


•78 


'77 


•624 


0-25 


60 


1-10 


101 


•98 


•95 


•94 


•93 


•375 


0-6 


90 


1 00 


1-00 


100 


1-00 


100 


1-00 


•169 


0-75 


120 


•62 


•75 


•75 


•78 


•79 


•80 


•625 


0*854 


135 


•43 


•57 


•57 


•60 


•62 


•63 


•790 


0-933 


150 


•27 


-39 


•39 


•42 


•43 


•44 


•907 


1-000 


180 





. 














100 



The length of the crank is supposed to be 1 ; and the table applies to any other length 
of crank) when the connecting rod is 2» 3, 4, 5, 6, or 7 times its length ; the columns be« 
low these numbers shew the force corresponding to the positions indicated in the first and 
second column. 



Parallel Motion. 



488. — The next method to be described for communicating motion from a piston rod 
to abeam, is that called the parallel motion. It was first discovered by Mr. Watt, who 
gave a slight notice of his first attempts on the subject in Robison's Mechanical Philoso- 
phy ; but its theory has been most generally investigated by Prony. I shall by confining 
myself to practical conditions, however, be able to treat it more briefly ; and shew the best 
proportions for practice. 

There are two cases, which for simplicity I propose to investigate separately ; but they 
are generally both in use in the same engine. 

489. — First case. If each of two bars A B, C D, Plate X. Fig. 4, has an axis at 
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one endy round which it moves, and the other end be connected with a third bar, B D, by 
moveable joints ; then, there is a point E in the middle bar which will nearly describe 
a straight line.^ The rectilinear movement of the air-pump rod, in a steam engine^ is often 
obtained by this method, and as the motion is not perfectly rectilinear, it is most desirable 
to determine the point which renders it most nearly so. 

4d0.— In any regulating apparatus of this kind, it is of considerable importance that 
the strains on the parts should not change their directions during the stroke ;, and this 
condition being premised, we shall have less difficulty in forming them to act with regu^ 
larity and certainty. The beam A B, and the radius bar C D, will be both nearly in a 
horizontal position at the middle of the length of the stroke ; and in order that the strains 
may not change their directions so as to jolt or force their axes to and fro, the con* 
necting bar B I> should not pass the vertical at either termination of the stroke : and to 
limit it to this condition, we will suppose the bar, as shewn by the dotted lines, to be 
exactly vertical, or coinciding with the direction of the rod it guides at each end of the 
stroke.* 

When A B, is equal D C, the point E is in the middle of the length of the bar 
BD. 

« 

491. — ^RuLE. With any other proportion between the lengths of the bars A B, and 
DC; for instance if A B : C D : : ix : m. Then from the number n subtract half the 
square root of four times its square, less one, for a first number. Also from the number m 
subtract half the square root of four times its square, less one, for a second number. Di- 
vide the first number by the first added to the second, and the quotient multiplied by 
the let^h, B D, of the link or bar, will give the distance of the point E from B. 

Example. Let A B be to C D as 2 : 3; then 2 x 2 x 4 = 16, and 16 — 1 == 16, of 



* Let A B and C D be the ban, and B D the connecting rod, and £ the point to which the piston rod is to be at- 
tached ; b d being the direction it is to move in. Put AB«"ni, DC>Kms, BD^s/, and the length of the stroke of the 
piston rod i, which is equal to the chord of the arc described by thft bar A B. Make the versed sine of that arc x, and the 
versed sine of the arc described by the end D of the radius rod ss t*. Then a B is the sum of those versed tines s> x 4" ^ > 
and x4.i>:«::i:B£*B 

Ix 



But, by the properties of the circle, we have « ( m — ^ m * — -25 ) = t, and s {n — ^ w * — • -25 ) ■■ x ,• con- 
sequently, 



3g^ __^ /(»-^n'--2o) 



( m — ^ m « — 5^5 ) + ( « — V *• — '25 ) 
When m^iit that ». when A B » D G, thtn B £ •■ ^ <. 



8BCT. vit.] STEAM ENGINES. 241 

which the square root w 8*878 nearly, and ita ha]f is 1«9865 ; and 2 «- 1*9865 is *0635 for 
the first number. Next 3 x 3 x 4 =s 36 ; and 36 — 1 = 35, of which the square root 
is &&16, and its half is 2-968 ; and 8 — 2968 » -042, therefore 

•0635 



0635 + 042 



*602 nearly. 

Hence, the length of the link or bar B D, multiplied by the decimal *602 is the distance 
of the point E from B, when A B is to C D, as 2 is to 3. Or if the point E be given, then 
B E divided by *602 is equal B D, the length of the bar, link, or point of connection D 
from B. The parallel motion of the engine in Plate XL and that of Plate XlX. are examples. 
492-. — Second case, — In this case to a bar, which moves on an axis at A, Fig. 5, 
Plate X. conceive three shorter bars to be added to the end, so as to form with a part of 
the bar the parallelogram, B D C F ; and let another bar D C, which moves on a centre 
at its extremity C, be attached to the lower angle of the parallelogpram D, which is most 
distant from the centre C, round which the bar moves. Then the piston rod being attached 
to the other lower angle G of the parallelog^ram, its motion will be nearly rectQineal in the 
direction G H. 

The like reason of rendering the stress in the same direction during the whole of the 
stroke, would determine me to prefer the construction which renders the links B D, F G, 
vertical at both extremities of the stroke ; this is not however the usual mode, for the line 
of motion of the piston rod is commonly made to divide the arc described by the end of 
the beam into two equal parts. The very small difference from strictly rectilinear motion 
is rather increased by this mode, and it occurs at two points in the stroke instead of one, 
and causes irregular action, but the difference in this respect does not affect the: investiga- 
tion of the rules, for the length of the radius bars, &c. 

In any case, except when the radius bar D C, and parallel bar D G, are of the same 
length, the deviation is increased by increasing the quantity of angular motion of the 
beam. Hence, beams having short parallel ' bars, should be limited in the extent of an« 

» 

gular movements ; indeed the motion should not in general exceed twenty degrees, and 
this is very nearly the case when the distance of the end F of the beam from its centre 
of motion A, is to the length of the stroke i H^ as 8 : 2; and then the radius bar may be 
found as follows. 

493. — ^RuLE. To find the length of the radius bar, when the length of the 
beam from the centre of motion is to half the length of the stroke, as 8 is to 2. 
From three times half the length of the stroke, subtract twice the length of the 
parallel bar, and multiply the difference by the half length of the stroke. Divide 
the product by -343146 times the length of the parallel bar, and the quotient 

I I 
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added to the length of the parallel bar will be the length of the radius 
bar.* 

When twice the parallel bar I) G, is equal three times half the length of the stroke, 
the radius bar and parallel bar should be of equal length. 

Example. Let the length of the stroke I H, be eight feet, its half is four feet, and let 

the length of the parallel bar D G be three feet ; then 3x4 — 2x3 = 6 ; and 6 x 4 
= 24, which divided by *343146 x 3 » 1-029438 is 

24 



V02943H 



* Put 6 SB the length of the beam firom the centre of motion, A F. 
c SB the length of the parallel bar D G. 
r as the length of the radiua bar D C. 
V as the versed sine of the angle described by the radius bar. 
a SB half the angle described by the beam. 
Auume it possible that the radius bar may be horixontal when the beam is horizontal ; this connot be strictly but is very 

nearly true. Then, ( 6 •— c ) sin. asss j^ 2r v — »■ — « half the chord of the arc descnbed by the end D of the ladtus 
bar. But v ^ e ( 1 — cos. a ) ; and substituting this value of v in the equation, it becomes 

( 6 — c )■ sin. * atsB^r e (I — cos. a^^^et^ 1 — cos. a ) ; 
and by reduction^ 

(6'— 26c) (1— COS. 'a ) 



2 c ( 1 — COS. a ) 



+ c ss r. 



When 6 SB 2 e, then the first member of the equation disappears, and it becomes c as r ; and this is the only case in 
which the length does not vary with the increase of the angle. By substituting for ( 1 ^- cos. > a ) we have 

( 6 — 2c) «• 



2 6 c ( 1 — COS. a ) 
which is a convenient formula when the angle is fixed ; but when it is not, we have 

(6— 2c)t« 



2c(6— ^6« — «•) 



+ c s= r. 



the length of the radius bar, where 6 a* the length of the beam, c «» the length of the parallel bar, and s as half the 
length of the stroke. 
If the beam from the centre of motion to the point F be one and a half timas the length of the stroke; then, 

(3« — 2c)« . 
•343146 c ^ 






SECT. Til.] 8TEAM ENGINES. 243 

23*3137; add to this the length of the parallel har three feet, we have 23*3137 + 8 = 
26*3137 feet, for the radius bar D C. 

I have taken a short parallel bar in the example, to shew the great length of radius bar, 
required in such a case. 

The length of the links D B, G F, are from four to five-tenths of the length of the 
stroke, depending on convenience, and space; but the longer they can be made, the less 
oblique strain will take place during the motion. The vertical distance, between the 
centres of motion of the beam and the radius bar, should be exactly equal to the length 
of the links. 

494. — Rule ii. To find the length of the radius bar when there is no assigned pro- 
portion between the length of the stroke, and the radius of the beam. First, from the 
length of the radius of the beam, substract twice the length of the parallel bar, and multi- 
ply the difi*erence by the square of half the lengfth of the stroke. 

Secondly, Find the square root of the difierence between the square of the length of the 
radius of the beam, and the square of the half length of the stroke, and substract this root 
from the length of the radius of the beam, and multiply the difierence by twice the length 
of the parallel bar. Use this product for a divisor, and the number found by the first 
operation as a dividend, and the quotient, added to the length of the parallel bar, will be 
the length of the radius bar. 

Example. Let the radius of the beam A F, be twelve feet, the length of the stroke 
six feet, and the length of the parallel bar D 6, five feet. Then the first operation is 12 — 

2x5 s 2, which multiplied by the square of half the length of the stroke is, 3 x 3 x 2 
= 18. 

By the second operation, the square of 12, less the square of 6, is, 144 — 36 = IDS' 
of which the square root is 10*3923, and 12 — 10*3923 = 1*6077 ; this being multiplied 
by twice 5, is 10 X 1*6077 = 16*077. 
Hence, 

18 ^ _ 

16077 + '^ •" 
6*12 nearly. 

495. — When the proportions to obtain parallel motion have been found by the preced- 
ing rules, the point for the air-pump rod in the link D B, is easily found by drawing a 
line from G to A, and then the rod must be attached to the point of intersection. Tts 
distance from the point B may also be found by the proportion, as 

AF:FG::AB:BE= ^^ A^^ 

A F 

Thus if A F be twelve feet ; F C three feet ; and A B seven feet ; then 
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7x3 _ 
12 "" 
i-76 = B E. 

In like manner, in any complex .case, as in Woolfs eng^ine with two cylinders, the 
points of collection for the piston rods must all be in the line A 6, as is shewn in the 
examples in the plate; or the point for the air-pump rod being found by the rule, 
(aft. 491,) the point for the piston rod may be ascertained by drawing a line through the 
poitits A, E, Fig. 4, Plate X. till it cuts the line in which the piston rod is to move at G ; 
then draw G F parallel to the link B D, and G H parallel to the beam, and B F G H 
are the moveable joints of the parallelogram, and G the point to which the piston rod 
should be connected. The construction of the parallel motion adopted for steam boat 
engines, Fig. 1, Plate X. may be most conveniently solved by the rule for the first case, 
as will be evident from the figure, and the concluding sentence of the example, 
(art. 491.) 



Of* the Strength of the Parts of Steam Engines, 

496. — ^In considering this important branch of my subject, I propose to follow the 
most simple methods 1 can devise, and those most readily applied in practice. The foun- 
dation of the inquiry must be the power of the steam in the boiler ; or rather the greatest 
power it can possibly acquire without escaping at the safety valve. Now since there is 
always a risk of the safety valve not being in perfect order, we may in a great degree pro- 
vide against such a risk, by taking the load on the valve at double the actual load upon 
it. Thus, if the load on the valve be eight pounds on a circular inch, consider it sixteen 
pounds; and sixteen pounds added to 11*5 pounds, the pressure of the atmosphere, will 
give 27'5 pounds for the strength of the steam, or the pressure which must cause the ma^ 
chine to move backwards. 

497. — In the case of steam boats, a greater d^ree of surplus of strength, ought to 
be provided, because accidents at sea are attended with more serious consequences. And 
I would recommend all good machinery to be regulated by the following rule. It is to 
add the load per circular inch on the safety valve to the pressure of the atmosphere, and 
to take double this quantity, as the utmost force of the steam. That is, if the load on the 
safety valve be eight pounds on a circular inch, let this be added to 11*5, the pressure of 
atmosphere, the sum is 19*5, and double this is thirty-nine pounds, for the possible pres- 
sure per circular inch on the piston. 
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If tbe parts be formed to resifit tliis pressure^ tb€D, in the case of the machiuery being im- 
pelled backwards by an excess of resistance, they will not be injured by it, except where 
the momentum of a heavy fly wheel, renders it necessary to provide a resistance to impul- 
sive force. 

498. — ^The datum for the resistance of the material, must be the strain it will l>ear 
without a permanent derangement of its parts, and this strain is about one-third of its co- 
hesive force.* 

499. — In respect to the effect of the friction of an engine, it ought to be added to the 
power in estimating the strength, because when the resistance is capable of reversing the 
motion of the engine, it also must have to overcome the friction of the intermediate parts ; 
but when the force of the steam is considered double its whole pressure, as limited by the 
safety valve, the friction may be neglected. 

&00. — The stress on any of the moving parts of a steam engine may be most easily 
found by corafparing the number of revolutions or vibrations it makes for each double 
stroke of the piston ; the stress is inversely as the number of revolutions or vibrations 
multiplied by the diameter of the circle, or the chord of the arc described by the point 
where the force acts; thus if a wheel be four feet in diameter, and makes three revolutions 
while the piston makes one stroke, and the length of the stroke be five feet ; then 4x3: 
5 : : pressure on the , piston : stress on the teeth of the wheel, equal five-twelflhs of the 
pressure on the piston. The stress thus found is to be considered as a weight applied at 
the point to which the motion belongs. 

In like manner, the period of the motion of the working point of any machine may be 
considered unity, and by comparing the chords of the arcs described in the same time, 
and the revolutions in the same period, the stress may be found in terms of the force re- 
quired to overcome the resistance at the working point. 

501. — ^The method to be followed in determining the strength, is, when there is only 
one working point to proceed from the engine, taking its power as the measure of the 
stress at every point, and to make the part so that it shall be sufRciently strong to bear a 
reversion of the motion. But if the power of the engine be divided among various trains 
of machinery, then its power should be the measure of strength, only to the point where 
the trains branch, and for each separate train the greatest possible stress at the working 
point, should be made the measure of the strength of its parts. 

The advantage of reasoning by general formula is so great that it will be adopted, and 
the rules as they arise given in words at length with examples. 

503. — Let D be the diameter of the piston in inches, L the length of its stroke 



• See Practical Essay on the Strength of Cast Iron, 6(c. Sect. V. Second edition. 
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in feet, and P the double of the whole elastic force of the steam in the boiler, in pounds 
per circular inch. 

Also let / be the length from the centre of motion to the centre of stress in feet, d ss the 
depth or diameter, and b = the breadth in inches ; f = the cohesive force of a square 
inch at the point of alteration, and R = the radius of any wheel. 

The force on the piston is D* P in pounds. 

503. — Strength of rods where the strain is wholly tensile. There is in every case 
of this kind a possibility of the strain deviating one-sixth of the diameter of the rod from 
the axis, and when it does so the resistance is 

d\f ^d^f 
2- X 1-27 2-5 



nearly; consequently, 



D.p=^.»D(?lf)* = . 



2-6 V / 

For malleable irony* = 17,800, consequently, 

D 



84 



VP = ^ 



This rule applies to rods subject to a tensile strain only, such are piston rods of single 
acting engines ; pump rods. 
For head links it becomes 

•D« 

the breadth multiplied by the thickness in inches. 

504. — ^RuLE. Multiply the diameter of the steam piston in inches, by the square root 
of twice the elastic force of the steam in the boiler, in pounds per circular inch, and the 
product divided 84 is the diameter of the rod in inches. 

Example. If the force of the steam be sixteen pounds per circular inch, and the dia* 
meter of the cylinder fifty*four inches, then, the square root of 32 is 5*657 and 

54 X 5 657 _ 
84 ■" 

3*6 inches, the diameter required. 

For the atmospheric pressure it is one-sixteenth of the diameter. 
505. — Of the strength of rods alternately extended and compressed. In the compres* 
sion of rods the force increases with the flexure, but if the length never exceed about 
thirty-six times the diameter^ its error will be very small to assume that degree of flexure. 
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and by taking in addition the greatest possible deviationy from misfitting, wiiich is half 
the diameter of the rod,* with this simplification we have 

For malleable iron/ = 17,800, and 



D ^ 
46" ^/^=^• 



For cast irony = 15,900, and 



For tempered steely* s 45,000, and 



D 

42" a/ P = rf 



1> -«— 



This rule applies to piston rods of double engines^ parallel motion rods, air pump and 
force pump rods, and the like ; and if P be increased in the ratio of the radius to the sine 
of the greatest angle a connecting rod makes with the direction, it applies to connecting 
rods. 

506. — ^RuLE« Multiply the diameter of the piston in inches by the square root of 
twice the pressure of the steam on a circular inch, and dividing the product by 45, for 
wrought iron, gives the diameter in inches. 

For cast iron, divide by 42 instead of 45, for steel by 72. 

Example 1. The force of the steam being sixteen pounds per circular inch, and the 
diameter of the piston eighty inches, that of the piston rod should be, for wrought iron, 



80 X a/ 32 _ 
46 ■" 

9^8 inches. 

Example 2. The force of the steam being four atmospheres = forty-six pounds per 
circular inch, and the diameter of the cylinder eleven inches, the diameter of a piston rod. 
of wrought iron should be 

II X J^ _ 
46 "" 

2*34 inches. 

If the rod be of steel, then 



* Practictl Eisay on Cast Iron, art. 246. 



ft 

m 
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72 * 

1*46 inches. 

Example 3. The force of the steam being sixteen pounds per circular inch, and the 
diameter of the piston twenty-four inches, the diameter of a cast iron connecting rod 
should not be less than 



24 X -• 32 _ 
42 

three inches and a quarter. 

The middle is commonly expanded into a form of greater lateral strength, and in all 
cases should be of larger diameter than, the ends, in the proportion of about one-tenth. 

507. — For air pump rods, the pressure of the atmosphere and the diameterof the pump 
must be taken, instead of the force of the steam and the diameter of the cylinder. Parallel 
motion rods should be three-sevenths of the diameter of the piston rod, except in the 
case of that for steam boat engines, when there is lateral stress. Connecting rods for 
gtring motion from the cross^l^ead to beams, or to cranks, should be seven-tenths of the 
diameter of the piston rod. 

508. — Of the strength of arms ofbeams^ cranks^ ^c. It may be assumed as a princi* 
pie that a beam of uniform thickness should not be of less tbicktiess than one^ixleenth 
of its depth, otherwise it is liable to overturn ; besides, in cast iron it is not safe to trust 
the strength of a casting, which is not a sixteenth part of its depth in thickness. Now 
for the case, when the velocity is the 9ame as that of th^ piston D * P / s 212 b d \* and 
when 16 b sz dy and 12 / ss n D, it becomes for cast iron 

1-34 P« 



° (-212->-''- 



That is, when D = the diameter of the piston in inches, and d = the depth of the beam 
in inches, and the breadth one-sixteenth of that depth, n the number of times th^ diameter 
is contained in the length from the centre of aiotioii to the point where the force v applied, 
and P double the force of the steam in th^ It^iler, in pounds per circular inch, Tim 
depth at the end should be half the depth at the centre of motion, and the breadth uni* 
form, and an access of strength may be given by forming the section, so as to increase 
the thickness at the edges to one-ninth of the depth, or till the parts between be reduced 
to the thickness of one-sixteenth of their width. 
For wrought iron put 24D instead of 212, and for wood sixty*^our instead of 212. 

* Practical Essay* oa Strength of lioo, art. 116. 



j 
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509. — Example 1. Beams. — An engine beam is three times the diameter of the cylin- 
der, from the centre to the point where the piston rod acts on it, the force of the steam in 
the boiler is fourteen pounds per circular inch, its double is twenty-eight, and the diameter 
of the piston is twenty-four inches. In this case 

, 1-34 P n X 1 . / 1-34 X i8 x 3 x j _ 
V 212 ) ^ ^ \ 212 / 

*81 D = cf, or cf = 19'4 inches, and the mean breadth is 1*22 inches, and the breadth at 
top and bottom 2*16 inches. 

If of wrought iron with the same proportions, *78 D = f/, and the breadth one-sixteenth 
of the depth. 

Of wood with the same proportions, *78 D = (f , but the breadth one-fourth of the depth. 
510. — Cranks. A crank should embrace a shaft, so that its depth at the shaft should 
be 1*5 times the diameter of the shaft; hence, if S D be the diameter of the shaft, the 
depth of the crank must be 1*5 S D, but since (art. 508,) D* P / = 212, b rf*, we have 

P/ P/ ^ 



2-25S«x2l2 477S« 

Example 2. A crank shaft is equal in diameter to *31 times the diameter of the cylinder, 
and the force of the steam in ,the boiler being fourteen pounds per circular inch, or P = 
twenty-eight pounds, required the breadth of the crank at the shaft, its radius being 2*5 
feet. In this case 

PI 28 X / 



477 S« 477 X -31 • 

•6 / = 6 in inches; and as / = 2'5 feeU it is *6 x 2*5 = 1*5 inches, and the depth is 1-5 x 
*31 X 30 = fourteen inches. 

511. — Wheel arms. The anns of wheels may be considered in respect to strength 
only ; and if the rim be of equal strength, then a wheel should in all cases have six arms, 
when it is of sufficient magnitude to require its strength to be found by rule. With 
this condition we have 2 D « P R = 212 x 6 6 rf», or D* P R = 3 x 212 ft rf». If we 
consider the arms to be one-third of the breadth of the wheel, and allow as excess of 
strength, that which is added to give it lateral strength, then 

D«PR ... ^ /PR 

= b a*, or D ^ r ^ d. 

212 ' ^212^ 

When R the radius is = 1, and P = 28 = twice the force of the steam in the boiler 

K K 
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then 

D 



^Ih 



as inserted along with the proportions of teeth in the table, (art. 513.) 

512. — The teeth of wheels will be most conveniently given in a tabular form, 
with a correction for curvature in determining their breadth, which is not included 
in the formula in my treatise on cast iron. "" The first column shews the stress on the teeth 
in pounds; the second the horses' power nearly equivalent, when the velocity is three 
feet per second; the third column the pitch; the fourth the thickness ; and the fifth the 
breadth of the teeth : the sixth column shews the greatest depth of the middle of the 
arm at the base in the direction of the wheels' motion, when that part is one-third of the 
breadth of the teeth, and the radius is one foot ; hence, being multiplied by the- square 
root of any other radius in i^i^ it will be the depth for it : the seventh column shews the 
breadth of the rib which strengthens the arm ; and the eighth the diameter of a cylinder, 
when the force of the steam is thirty-five inches of mercury in the boiler, and the teeth 
move at the same velocity as the piston. For any other velocity the stress will be found 
by rart. 500.) 
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513,— ^ Tabk of ike Strength, ^c. of Teeth and Arms for Wheel Work. 



Stress in 
pounds. 


• 

Horses* power 

at 3 feet per 

second. 


• - -^ 

Teeth of WheeU 


I. 


Wheel with 6 arms. 


i 

Diameter of 
the cylinder fori 

low pressure 

steam, teeth 
moving at the 

same velocity 

as the pistoD, 

in inches. 


Pitch in inches. 


Thickness in 
inches. 


Breadth in 
inches. 


Depth of arm 
tor I foot ra- 
dius, in inches. 


Breadth of rib 
in inches. 


32 


i 


•25 


•119 


•75 


•87 


0-26 


2- 


85 


i . 


•5 


•238 


1*25 


1-24 


0-42 


3-7 


191 


1 


•75 


•357 


1-75 


1'67 


0-6 


5-5 


337 


2 


1-00 


•475 


2-5 


1-76 


0-8 


7-4 


.520 


3 


1-25 


•59 


3-0 


2' 


1- 


92 


800 


4 


1*50 


•73 


4-0 


2-2 


1-3 


11-3 


1040 


5 


1-75 


•835 


4-25 


2-4 


1-4 


12-9 


1370 


7 


2-00 


•955 


50 


2-5 


17 


148 


1720 


9 


2-25 


1«07 


5-5 


2-7 


1'8 


16*6 


2100 


IH 


2*5 


119 


60 


2-85 


20 


184 


2560 


13 


2-75 


1'31 


6-75 


30 


2-2 


20-3 


3000 


15 


30 


1-43 


725 


3-2 


2-4 


22-2 


3600 


18 


3-25 


1*55 


8-00 


3*3 


2-6 


24- 


4150 


21 


35 


167 


8*5 


3*4 


28 


26- 


4800 


24 


3-75 


1-79 


9*25 


3-5 


29 


28* 


5700 


m 


4-00 


1-91 


10-25 


3-6 


3-4 


29'5 


6300 


31* 


4-25 


2-025 


10*5 


3-7 


3-5 


31-5 


6900 


34* 


4-5 


2-15 


11-0 


3^8 


3-7 


33*3 


7700 


38} 


475 


2-27 


n-75 


3'9 


3-9 


35^ 


8560 


42§ 


500 


2*39 


12^25 


4*0 


40 


37- 



514.— *Tbe strength of beam gudgeons may be determined by the rule, P D* ^ 864 
d*.* It reduces to 



* Essay on Strength of Iron, art. 139. 
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D V *" - 



30 



= rf. 



and the length should be not less than eight-tenths of the diameter. For low pressure 
steam, twice its force is twenty-eight pounds per circular inch, or P =: 28, and therefore 
in that case, one-sixth of the diameter of the cylinder should be that of the gudgeon. 
For pins for connecting rods where the bearing is double, the stress is reduced one- 
half, and 



Or in the case of low pressure steam 



^'- 



x=-- 



V 960 / 



515. — The strength of shafts. The shafts are supposed to be supported so as to 
render the lateral stress as small as possible, then the resistance to twisting alone has to be 
considered, and as no part of the shaft should be less than the bearings or journals, there- 
fore allowing one-sixth for wear R D* P = 960 rf';* when the shaft revolves in the same 
time, the piston makes a double stroke, and if the radius R = n D, we have 

nP xl 
960 

the diameter in inches. 

If it revolve N times while the piston makes a double stroke, then (art 500,) we 
have 

V960N/ 

For wrought iron the divisor should be 1080 instead of 960. 

Example. What should be the diameter of a shaft of cast iron, when the crank arm 
is equal to the diameter of the cylinder, double the force of the steam in the boiler twenty- 
eight pounds per circular inch, the piston thirty inches in diameter, and one revolution 
of the shaft made in the same time as a double stroked In 'this case n and N are each 
equal one, hence, 

\ 960 / V 960 / 

0-31 D = <f in inches, and 0*31 x 30 = 93 inches. 



Essay on Strength of Iron, art. 224, R being in this cAse in inches. 
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Of the strength of Pipes and working Cylinders. 

516. — The thickness for pipes and cylinders of solid metal is more frequently de- 
termined by the condition, that the castings may be sound and perfect, than by a regard 
to strength, yet it is necessary to shew the proportions essential for strength, that a mistake 
in this respect may not occur. 

The data required are the tensile strain a square inch of the metal will bear without 
permanent alteration, at the proposed temperature, the pressure of the steam on a circular 
inch, including such allowance as is proper for the risk of increase, and the diameter of 
the cylinder. I advise to take double the whole force of the steam when it escapes at 
the safety valve of the boiler. 

We may safely consider the cylinder to be of equal resistance throughout its length ; 
and hence, if we take the stress upon an inch of that length, that stress will be equal to 
the diameter in inches, multiplied by the greatest possible force on a square inch, and 
the resistance will be twice the thickness of the cylinder, by one-fourth of the limit of 
tensile strain of the metal, the tension being considered to be unequal on the resisting part. 
Therefore we have this rule. 

517. — ^RuLE. For the thickness of solid metal, pipes or cylinders to bear a given 
stress, the whole being of an equal temperature. 

Multiply the 2*54 times the internal diameter of the cylinder, by the greatest force of 
steam on a circular inch ; divide by the tensile force the metal will bear without altera- 
tion, the result is the thickness in inches. 

Example. To determine the thickness of a cast iron cylinder, sixty inches diameter, for 
a pressure not exceeding 3*2 pounds per circular inch, in addition to the atmospheric 
pressure. In this case twice the force is thirty pounds on the circular inch, and the resist- 
ance of cast iron is' 15,000 pounds per square inch ; hence, 

2-54 X 60 X 30 
15,000 ■" 

0*305 inches. 

518.— -Were there the direct force alone to consider, we see that a v^ry thin cylinder 
or pipe is sufficient, but the pressure is often aided by a powerful strtiin from iineqaal 
expansion. If e be the extension the metal will bear without alteration, and t its thick-' 
ness, d being the diameter of the pipe, we have 
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t . 2ed 

the greatest quantity which the expansion of one side of the pipe should exceed the other = 
A a, when h = the excess of heat, and a = the expansion for one degree. In cast iron 

^ = ,^/^ » and a = 



1200' — i^OOO • 

hence, 

270 rf . 

-r = * = 

the increase which would strain the metal as fiir as it would bear wtthoul permanent 
derangement 

519. — ^Here we suppose the heat to be confined to a single point, but generally or 
rather in all cases, a considerable portion of surface is directly affected by the heat; in this 
case a near approximation will be to double the efiTect of expansion, or make 

136 d ^ 

— r=*- 

In the case of pipes and cylinders, the greatest difference of temperature will never ex- 
ceed 900^ ; and then 

300< _ 22/ 

the force of cohesion the cylinder loses by unequal expansion. 
If this be added to the former, we must have 

2-54 dp 2-2 t _ d p ( ^ \ _ 

15000 + -J- - «; or ^^^ W _ 2-2 J " ^' 

The effect of irregular expansion is sensible only in small cylinders; in the case of a 
cylinder of sixty inches diameter we found its thickness «905 inches, it became only '815 
when corrected for expansion. 

For pipes of less than five inches diameter, the equation will be 

6000 X (1— 0*116<i) ■" • 

For working cylinders both wear and other causes of pressure exist; the latter will 
roquiie at least .that the thickness should be double, and for wear half an inch may be 
added, as about the proper quantity of allowance. 
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580.— Rule. For the thicknesi of a working cylinder. Multiply four times the 
elastic force of the steam in pounds per circular inch by the diameter in inches, and 
divide by 6000. The result multiplied by the quotient arising fnNn dividing the diameter 
by the diameter, less 2*2, is the thickness for strength, to which half an inch may be added 
for wear, . 

Example 1. A cylinder twenty*four inches in diameter is to be made of cast iron, ft)r 
steam not exceeding three pounds and a half per circular inch on the safety valve, or 
11*5 + 3'5 = 15*4 elastic force, required its thickness. 
Hence, 

15 X 4 X 24 _ 
(jOOO *" 

*24; and 

24 

X -24 = 



24 - 2-2 

*255, which added to half an inch, is '765 inches, the thickness required. 

Example 2. A cast iron cylinder for a high pressure engine being nine inches in 
diameter, and for steam fifty pounds per circular inch elastic force, required the thick- 
ness. 

In this case 

4x50x9 _ 

6000 "" 
*3 ; and 

'4, to this adding *5 for wear, it is 0*9 inches. 

521. — Of the strength of flat platen to bear the pressure of steam^ or other elastic 

fluids. The strength of a plate is limited by the curvature it takes by the strain ; and 

when the length and breadth are equal, the resistance is the same in both directions, but 

in any other case the two flexures do not correspond, and the resistance depends chiefly 

on the curvature in the shortest direction of support. 

From the laws of deflexion it will be 

the resistance in the longitudinal direction ; and 

the multiplier which multiplied by the resistance in the shorter direction gives the whole 
resistance. 
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When a plate is fixed at the edges, the flexure lessens the quantity of strain on the re- 
sisting part, but only in a small degree, and in bending to the new position, the inner part 
of the matter must be partially compressed, and the resistance to tension will extend only 
to a little more than half the thickness, and varies as the distance from the neutral line; 
hence, it is only one»fourth tf^ when one-fourth of the thickness is an inch, t being the 
whole thickness, and f the cohesive force of a square inch ; and allowing for rivetted 
plates 

iZ -?- - iL^ 

4 ^ 3 "" 6 
the resistance in one direction ; and 

('-(4 0^^ = 

the whole resistance. 

The stress is as the force on a given portion of the curve, resolved into its tendency 
to split the material. If ;r be a part of the curve, and r the radius of curvature,^ we have 



* But the curvature is limited by the stretching and bending in the shorter direction, and if we suppose it to b« 
wholly by bending, we have 



f* 1 * * — « * f* ^= »« * 
2 2 •' 



therefore in this case 



^=(■-(4)') 



1-27 ;><_ # , . / 6 \» A ^Z" 

"6"' 



or 



3-8 

Hence, we find that the resistance of a plate is quite independent of its thickness when it bends in thjf manner, but 
that the pressure is limited. For wrought iron,/HK 17800, and 

_ 1 



140 J' 

hence, 

3-81 

3-33 ; and therefore 
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z : r : : 1*27 p z : 1*27 pr ^ the stress, when /> is the pressure on a circular inch ; 
hence, 



.«,,,j/ (^,,(±)'), 



or 



7-62 p r _ 



/( ' + TT- ) 



In square or circular plates it becomes 

I n r 

= /. 



3SI p r _ 



/ 

For wrought iron, IHXH) r = ^ when low pressure steam is to be confined, and both r 
nnd t are in inches, when the length ?s great compared With the breadth, or the bounding 
edges are not properly confined in one direction, then put the diameter instead of the 
radius of curvature. 



Of the Excess of* Strength to render Boilers safe. 

522.— ^The pressure tending to separate a boiler is about proportional to the load on 
the safety valve ; that, to crush it together is equal to the pressure of the atmosphere. 
In the latter case it cannot exceed that pressure, in the former a considerable excess may 
take place if any derangement happens to the valves, and it is to provide against accident, 
in the event of the valves being out of order, that an excess of strength in the boiler is 
necessary. 



3-33 



(-(4))= 



the greatest stress in pouods on a circular inch that a plate will bear. When the plate is either square or ciicular, it be- 
comes 6'85 pounds per circular inch, as 8*5 pounds per square inch. When of other proportions as in the equation, and 
when the length is very considerable it becomes simply 3*33 pounds per circular inch, or 4*25 pounds per square inch. 

Copper bears about the same strain. 

This is important, as it shews us that flat surfaces cannot be used with safety to confine high pressure steam. 

L L 
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It is clearly a matter of opinion, founded on the experience of past accidents, as to the 
degree of excess required, and it has been almost universally allowed, that three times 
the pressure on the valve in the working state, should be borne by the boiler without 
injury. 

This degree of excess of power seems to be fully sufficient for the ordinary low pressure 
steam boilers ; indeed, I should think twice a proper allowance, and were it always pro* 
vided, there would be little chance of accident if the valves be properly constructed and 
attended to. 

It becomes insufficient in high pressure boilers, because a common low pressure boiler 
contains about ten times the volume of steam required for one stroke of the engine, conse- 
quently the time of twenty strokes must elapse before the density of the steam could accu* 
mulate to three times its working density, supposing the engine to be stopped, and the 
valve out of order. But if the boiler contains only as much steam as is required for one 
stroke, the force will be increased to three times, in the time the engine would have made 
two strokes. This rapidity of the increase of force does not leave the necessary time to 
examine, nor even to open the valves in this extreme case, and the hazard must be in con- 
sequence greater. In all cases the time of accumulating power should not be shorter 
than it is in the common boiler. Besides, in working an engine where the excess of force 
increases so fast, the loss of steam would be considerable from any variation of the heat 
of the fire, even were the valve to act properly, and therefore there is a temptation to load 
the valve beyond its regular weight. To render the security on the stoppage of the 
engine equal in all cases, the excess of strength should be inversely as the space allowed 
for steam. 

It is still more important to consider the subject, in relation to the danger arising 
from unequal action of the fire, and for this the excess of strength should be inversely 
as the whole contents of the boiler expressed in units of the power. 

Thus taking the horse power as the measure, if one boiler cohtains twenty cubic feet 
for each horse power, and another only ten, the boiler with only ten feet of space should 
be of twice the strength. For equal powers require equal fires, and the efiect of excess 
of fire in raising the temperature, and force of the steam, is inversely as the quantity of 
matter acted upon ; hence, the risk of the dangerous increase of strength is inversely as the 
quantity of water and steam the boiler contains. 

523. — ^The proportion for excess of strength, I shall therefore consider to be two 
times that which is proper for the working pressure, when the boiler contains twenty cubic 
feet for each horse power, and containing any other quantity as n cubic feet per horse 
power, it will be 

n: 20 : : 2: — . 

n 
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The effect of unequal expansion, of improper form and flexure, and xif wear must be 
included in the calculation of the strength, for these are not allowances for risk, but 
actually necessary for security. 

Boilers may fail from strains produced by other causes besides the force of the 
steam, and these may be noticed to guard against the circumstance which produces 
them. 

If a boiler flue rise from the fire, and then descend again before it enters the chimney, 
it will in particular states of the fire be liable to fill with inflammable gas, which takes 
fire and explodes. The effect of such an explosion in the flues of a boiler, nmst cause an 
impulsive strain on the boiler, under which it may fail. 

The danger may be avoided by making the flues lead off to the chimney without de- 
pression, and constructing the damper so that it cannot be perfectly closed, and it should 
either rise so as to close the upper part of the aperture last, or move horizontally. 

Hydrogen gas may be, and frequently ia formed in steam boilers, through the water 
being in contact with a part of the boiler which is red hot, and it seems to be regularly 
produced during the formation of steam at very high temperatures. And though it ap- 
pears to me that it would not add to the risk of an explosion happening, it undoubtedly 
would render it more destructive if it should take place.* 



Bailers Jarmed of PhUes. 

524. — ^Having determined the resistance of plates of any curvature, it] is easy to apply 
these rules to rectangular boilers; remarking that it is indifferent, whether the curve be 
convex or concave to the pressure, provided it have either abutments as an arch, or forms 
a- complete circle. I doubt the efficacy of the usual abutments, and I think the fact 
that boilers fail round the seats, is greatly owing to the strain and motion of the parts at 
every change of force or temperature. 



• In a letter I recdved from Mr. W. Williams of Cyrfk^tha Iron Works, be attributes the destructive effects of an 
accident in that neighbourhood, to an accumulation of hydrogen inflaming, when the boiler burst. The boiler was cob<^ 
structed of the old spherical form, twenty feet in diameter, the thickness of the plates when new was, top plates a full 
quarter of an inch, bottom plates half an inch, load on the safety valve seven pounds per circular inch. Many lives were 
lost by this explosion, and the boiler was thrown to a distance of 150 feet, to a place thirty feet above the level of its 
former seat. The upper plates were undoubtedly too weak. 
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A rectangalar boiler may be considered as a cylinder, taking the greatest diagonal line 
of its section for the diameter, and its strength will be (by art. 521,) 

or putting the value of^ = 17,800 pounds for nrought iron 



The excess of strength for risk being 



(see art. 523,) we have 



And for copper^ =s 11,000, and 



4660"" • 



40 



n 



p d 
T20ir" ^* 



72 n ^ 



525. — Rule. For the upper plates of long rectangular and cylindric boilers. Mul- 
tiply the load ip pounds per circular inch on the safety valve, by the greatest diagonal of 
the section of the boiler in inches, and divide the product by 120 times the cubic contents 
of the boiler per horse power, the result is the thickness in inches. For copper divide by 
72 instead of 120. 

The bottom plates should be as much thicker as will compensate for wear ; usually one 
and a half times the thickness of the top ones. 

Example 1. In a rectangular boiler the greatest diagonal being eight feet, and conse- 
quently equivalent to a radius of curvature of ninety-six inches, the load on the. valve 
three pounds and a half per oircular inch, and the space for steam for each horse power 
sixteen feet, required the thickness for the top plates of wrought iron. 

In this case 

3-5 X 96 



120 X 16 

0*173 inches. 

The bottom plates may be 1*5 x *173 = *39 inches. 

This nearly corresponds with the practice of the best makers. 
526. — Example 2. If the boiler be a long cylinder of which the diameter is sixty 
inches, and the pressure on the safety valve thirty pounds, the boiler containing twenty 
feet for each horse power of the engine ; then 
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30 X 60 
120 X 20 ^ • 

075 inches. 

In practice boilers of this kind are made barely equivalent to the working pressure, can 
we wonder that they sometimes fail ? 

The same rule applies to internal flues with addition for the effect of the fire. 
527. — Of spherical boilers. A spherical boiler has its dimensions equal, and conse* 
quently, (art. 521,) its streng^th is 



Hence for wrought iron 



and for copper 



3-81 p d _ 



240 n "^ ' 



144 n 



Rule, for spherical boilers. Multiply the diameter in inches by the pressure on the 
valve in pounds per circular inch, and divide by 240 times the cubic contents of boiler 
for each horse power for malleable iron, or for copper by 144 times instead of 240. 

Example. A boiler is of a spherical form, twenty feet in diameter, with twenty cubic 
feet to a horse power, and the load on the valve seven pounds per circular inch, what 
should be its thickness. The diameter is 240 inches, therefore 

7 X 240 
240 X 20 "^ 
'350 inches, or a little less than three-eighths of an inch. (See note to art. 523.) 

When cylindric boilers have spherical ends, the radius of curvature may be equal to 
the diameter of the cylinder, and they will be equally strong with the same thickness of 
metal : and flat segments are more convenient in construction, and occupy less space to 
get the same effect. 



Cast Iran Bailers. 

• 528. — The preceding rules apply only to boilers of ductile metals, and in forming one 
for brittle ones, the effect of unequal expansion must be considered. For cylindric boilers 
the equation is 
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2'54 p d 40 p d 

n 150 It 

(art. 517 and 523;) and the mode of allowing for expansion was shewn in treating of cy- 
linders, (art. 519.) 

In boilers composed of solid tubes it is possible that in a tube having a diameter of 
eight inches or more, the excess of temperature on one of its sides may be lOOtP, and 
then 

7-4 t _ 

the loss of force indicating that in those circumstances a tube would ultimately burst of 
whateveir strength it were made ; if 7*4 i were made greater than d^ for whenever the quo- 
tient is unity or more than unity, the unequal expansion alone is beyond the power of the 
material. 

This explains the known fact that such tubes break without apparent defect, or the use 
of steam stronger than usual. 

From these principles we derive the following rule, for cast iron boilers ; d being the 
diameter, and p the elastic force of the steam, 

150 n"" 

the thickness for strength, which added to a thickness equivalent to the loss of force it 
may sustain by unequal expansion, is, for boiler cylinders above eight inches diameter, 



150 It 

whence 

d^ p 



ss L 



150 n ( rf — 7-4 ) 
For boiler tubes, or cylinders under eight inches in diameter, 

^V . 

150 n ( l-0116rf)"" 

In either case there is a risk of failure, when the diameter is less than 7*4 inches in the 
first, and when 0*116 times the diameter is greater than one in the second case. If the 
thickness be much more than the rule gives, the risk from unequal expansion increases; 
if it be less the joint effect of pressure and inequality may cause failure. 

529. — Rule. For the strength of east iron tubes exceeding eight inches in diameter. 
Multiply the square of the diameter by the pressure on the safety valve, in pounds on a 
circular inch, and divide the product by 160 times the cubic feet of space in the boiler 
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per borse power, multiplied by tbe diflerence between tbe diameter and 7*4 incbet, tbe re- 
sult is tbe tbickness in incbes, wbicb sbould be increased for wear and tear in propor- 
tion to tbe deg^e of durability required. 

-Example 1. Tbe internal diameter of tbe tube being ten incbes, tbe cubic feet of boiler 
per horse power ten, and tbe load on tbe valve thirty-six pounds on tbe circular inch, what 
sbould be its thickness. In this case 

10 X 10 X 36 



150 X 10 ( 10 ~ 7-4 ) 

*92 inches. 

Example 2. The internal diameter of a cast iron cylinder for a boiler being three 

feet, and tbe force of the steam to be. confined to five atmospheres, fifty-eigfbt pounds per 

circular inch on tbe valve, what should be its thickness, the space of boiler for each horse 

power being sixteen feet. 

In this case 

36 X 36 X 58 



150 X 16 X ( 36 - 7-4 ) 
1*1 inches. 



Of Joining Pipes and other Parts of Engines. 

590. — Joints are generally connected by screw bolts passing through flanches ; be- 
tween these flanches an elastic material of a durable nature is jinserted, or a compound, 
called a cement, which unites and forms one mass with tbe joined surfaces. 

Iron cement is tbe most valuable of tbe latter kind, it may be compounded as follows : 
To two ounces of sal-ammoniac, add one ounce of flowers of sulphur, and sixteen ounces 
of clean cast iron filings or borings, mix all well together by rubbing them in a mortar, 
and keep the powder dry. When tbe cement is wanted for use, take one part of the 

« 

above powder and twenty parts of clean iron borings or filings, and blend them intimately, 
by grinding them in a mortar. Wet tbe compound with water, and when brought to a 
convenient consistence, apply it to the joints and then screw them together. A consider- 
able d^^ee of action and reaction takes place amodg tbe ingredients, and . between them 
and tbe iron surfaces, which causes tbe whole to unite as one mass ; the surfaces of tbe 
flanches become joined by a species of pyrites, all tbe parts of which cohere strongly to- 
gether. Mr. Watt found that tbe cement is improved by adding some fine sand from tbe 
^indstone trough. 



^64 



OF THE PARTS OF STEAM ENGINES. 



[sect. VII. 



331,*^For some purposes it is more convenient to join the parts with white lead 
paint mixed with a portion of red lead to a proper consistence, and applied on each side 
of a piece of thick canvas, flannel, or plaited hemp, previously shaped to fit the parts, and 
then interposed between them before they be screwed together. It makes a close and 
durable joint, and is generally used for those joints which have occasionally to be opened, 
and for those which must be separated repeatedly before a proper adjustment is obtained ; 
and when this is the case the white lead ought to be predominant in the mixture, as it 
dries much slower than the red. 

532. — ^There is another cement often used by coppersmiths, to lay over the rivets and 
edges of the sheets of copper in large boilers, to serve as an additional security to the 
joinings, and to secure cocks, &c. from leaking ; it is made by mfxing pounded quick lime 
with serum of blood or white of egg ; it is made into a paste, and must be applied as 
soon as it is made, for it speedily gets so hard that it becomes unfit for use. The properties 
of this cement have been long known to chemists, and it may be found useful for many 
purposes, to which it has never been yet applied. It is cheap and very durable. 

533. — Steam-tight joints may also be formed by fitting the parts very accurately to a 
conical aperture, and screwing them close together with bolts of a less expansible metal ; 
and the same method may be followed where the pressure of the steam tends to close 
th^ joint. 

When two flat surfaces are to be joined they may be made to fit together very accurately, 
and a single ring of fine copper wire inserted m between them, before screwing them close. 
The pressure of the screws partially flattens the wire, and makes it fit so accurately as to 
prevent the escape of even very high pressure steam. 
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SECTION VIII. 



OF EQUALIZING THE ACTION, REGULATING THE POWER, MEASURING 
THE USEFUL EFFECT, AND MANAGING THE STEAM ENGINE. 



534. — The action of a steam engine is variable; consequently, when an equable mo- 
tion is necessary, its action most be equalized. It may also be employed in one hour 
to overcome a small resistance, and in another to overcome a considerable one ; therefore, 
the means of regulating the power to the work should be provided : we have also to 
consider certain methods which may be made subservient to ascertaining the useful effect 
of an engine after.it is erected, or in the language of technical men, its perjcrnuxnce ; and, 
lastly, the mode of managing the generation of steam, and the working of an engine. 



Of Equalizing the •Action of Steam Engines. 



535. — An equable motion is desirable in almost every kind of machine, it being 
strained much more by an irregular desultory one, as well as the fabric that supports it, 
than when the motion is equable. The strength of the machine must be adapted to the 
greatest strains that occur, but the quantity of work done is equivalent to the mean action 
only, and more is not performed by a desultory motion, than by one at a mean rate and 
uniform. There are two modes used for equalizing the action of an engine, which we 
propose to describe. The one is by the^y wheel, the other by a counter weight. 

536. — Of the fly wheel. A fly wheel is a wheel with a heavy rim which absorbs 
the surplus force at one part of the action, to distribute it again when the action is defi- 



M M 



266 OF THE REGULATION AND [sect, tiii, 

« 

cient ; it has been aptly compared by Professor Leslie, to ^' a reservoir which collects the 
intermitting carrents, and sends forth a regular stream/'* To equalize a motion which 
is subject to variation at each reciprocation in the steam engine, the fly is used. Its. heavy 
mass of matter must be so shaped, as to balance itself in any position on an axis con* 
nected with the machinery, and turning round with a part of it. 

The propoi*tions of the fly wheel must be derived from the laws of rotary motion. 
•7hey are not often stated very clearly, and rather in too comparative a form for the 
purpose of application ; Dr. Jackson's equationf is derived most in unison with my own 
methods, and adding the time, the radius corresponding to the angular velocity of the 
exterior ring of the wheel, and comparing with the force of gravity to obtain the co-efli'» 
cient, it is 

32 V d r t 



bx^ 



= n r. 



In this equation P is the mean quantity the moving force varies in its intensity in ex- 
cess above the resistance, and t the time in which that variation takes place; v the 
velocity, and n v the greatest variation of velocity ; d the leverage the force P acts with, 
and r the radius corresponding to the velocity v ; and b the weight of the fly acting at 
the distance x from the axis. 

It is obvious that the mass of the fly must be sufiicient to receive the excess of force 
during the time it acts, and afibrd it ag^in to the machine in an equal lapse of time ; and 
so that the velocity shall not vary more than the nth part. The only point therefore, 
which depends on practical experience; is what variation of velocity may be allowed. 
On this point however there is no difficulty, as the practice of different makers is so 
difierent, as to shew that it may be taken with considerable latitude. 

The weight of the rim may always be considered to be collected at the extremis of 
the radius ; and then x = r, and the equation becomes 

32F dt 



b r 

The efiect of the arms of the wheel may be neglected, as it is a problem which neither 
requires nor admits of a very refined solution, in consequence of the uncertainty r^^arding 
the precise variation of the intensity of the moving force ; hence, it ought not to be ren* 
dered complicated. 

'537. — From this equation it appears, that when the weight or the diameter of the rim 
is considerable, and still more when both are so, it may acquire a great momentum with 



• Natoral Philofophy, Vol. I. p. 162. t Theoretical IVIechanicSk art. 400— 40%. 
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but little increage of angular velocity, or lose a considerable momeDtum with little dimi- 
nution of that velocity. It thus becomes a receptacle for the surplus energy of the power, 
when jt acts with most intensity, or when the resistance is least, and preserves it for future 
demand. 

By either a diminution of resistance, or an increase of power, the machine would other- 
wise be considerably accelerated ; the excess of motive force is however, in a great measure, 
expended upon the fly, in which it generates a proportional momentum with little increase 
of velocity : again, when the resistance is increased, or the moving power diminished, 
the machinery would be very sensibly retarded, if the momentum accumulated in the fly 
did not continue the motion with little diminution of its own velocity ; and other things 
being the same, the shorter the interval of reciprocation, or of unequal resistance, th^ less 
will be the change of velocity. 

The greater the angular velocity of the axis of the fly is, the greater will \>e its domi- 
nion or equalizing power, all other things being equal, for the variation of velotcity is in- 
versely as the velocity of the rim. 

Every part of a machine which has either a continuous or pendulous motion, particu- 
larly when it is massive, will obviously act as a fly in equalizing the motion of the 
machine. 

The gpreater part of these remarks have been made in a less general form by Dr. Robi- 
son,* and Dr. Jackson ;t but they also state that when a more perfect equalizer is wanted, 
we should increase the power of the fly wheel by enlarging the diameter rather than the 
mass, because we thus produce the same efiect with less weight, consequently with less 
transverse strain upon the axle and supports, and less friction. 

This must however be carried only to small extent, for a mass of matter with an im- 
mense velocity, sustained by arms which must be completely incapable of resisting its 
impulse, becomes a very dangerous appendage to a machine. Arms of cast iron could 
not resist a sudden check with a rim moving at the velocity of eighteen feet per second, 
and equal to the weight of the arms,} consequently, such wheels should be of limited 
diameter. 

538. — When it is necessary to exceed a velocity of twelve feet per second at the rim, 
malleable iron arms should always be used, and a velocity of thirty-three feet per second 
at the rim is about the extreme limit for a fly, even where the ring is of malleable iron. 
For cast iron rims, with arms of malleable iron, I should not think a velocity exceeding 
eighteen feet per second safe. 



• Mechanical Philosophy, Vol. IL p. 1150. f Theoretical Mechanics, p. 227. 

t Essay on the Strength of Cast Iron, art. 261. 
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With these explanations we may now proceed to form rules from the eqaation. The 

equation is 

Q2Fdt 



rn V 



= 6, 



but the dimensions of the rim will be more eonyenient than the weight ; and the weight 
6 ss 2 X 8*1416 ra X 9^ pounds for cast iron = 20 r a, consequently, 

ve F d t 






r' n V 

the area of the section of the rim in inches. If the fly wheel shaft makes N revolutions 
per minute, then in the time t it will make 

t N 



60 ' 
and as t? = 

6-2832 t N r 



60 
we have 

16 P d 



r' n N 



a. 



539. — The next point to be considered, is the degree of equalization a machine re- 
quires. Its own parts have much efiect, and the species of parts which act as flies, are 
most numerous in machines which require the equalizing power of the fly the most. 
At a mean, perhaps a variation of one-tenth is nearly corresponding with practice, and 
with this condition the rule is 

150 Fd _ 

r»N """*• 

540.— Com /. ^ dottble engine with a crank. In this case the variation is from 
the full force of the steam to nothing at each quarter of the stroke; hence, the mean excess 
is one-fourth of the greatest force P on the piston, and the rule in the nearest simple ex* 
pression is 

40 P(/ 

Rule. Multiply forty times the pressure on the piston in pounds, by the radius of 
the crank in feet, and divide this product by the cube of the radius of the fly wheel in 
feet, and by the number of its revolutions per minute, the result is the area of the rim 
of the fly in inches. 

The number of horses' power, multiplied by 200, will be the greatest pressure on the 
piston, nearly. 
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Example. Tbe preasure on the piston of an engine being 4D0O ponnds, the radius of 
the crank 2*5 feet, and the revolutions per minute twenty-two, required the section of the 
rim of a fly of nine feet radius. In this case 

40 X 4000 X 2-6 _ 400000 _ 
9 X 22 "" 16038 "" 

twenty-five inches nearly, for the area of the section of the rim. 

541. — Case II. In a single engine toith a crdnk the mean excess is half the moving 
force; hence, 

80Prf 

or the rimof the fly wheel should be double that required for a double engine with' the 
same sized cylinder, or of twice the power.*' 

&42. — Counter weights. If the beam of a single engine be balanced when at rest, 
that weight which it is necessary to add or subtract, to cause the piston to rise at the pro- 
per speed, is called the counter weight. Tbe excess of force of the steam overcomes the 
friction of the parts, and the additional weight ought to^ be sufScient to cause it to rise 
and acquire double the velocity of the engine, if it freely accelerated during the whole 
stroke. If W be the whole weight of matter moved, to = tbe counter weight, and./ = the 
length of the stroke, then 

64 I w ' ^ 

=: 4 » • 

or 

t;« W 



w = 



J6 ^- V* 



But (art. 342,) v* = 2*66 l^v being here in seconds : hence, to = 0*2 W ; consequently, 
the counter weight should with these proportions be one-fiflh of the mass of matter it has 



* In single acting atmospheric engines a weight has been applied to the fly wheel, such that iu force to turn the shaft 
should be exactly half the force of the steam to turn it, and placed so as to rise while the piston was descending, and 
descend during the rise of the piston. To find the weight, we have 

when to is the weight and P tbe mean pressure on the piston. U is supposed to be applied to the rim of the fly, and tbe 
section of the continued rim should be the same as for a double engine of the same power. This mode is described in 
Fenwick's Essays on Practical Mechanics, p. 39» Woolf proposed to equalise the motion of an engine by a piston work, 
ing in a cylinder ; this howeyer has no other efiect than a weight, while the friction and expense of construction are con- 
siderably increased. See Nich. Journal, Vol. VI. p. 218, and Vol. VII. p. 134. 
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to move, supposing the whole to be collected at the ends of the beanie aod it is most easily 
found by trial. The resistance of the water in the pumps will reduce the accelerated to 
an uniform motion of half the final velocity it would have acquired with no such resist* 
ance,* 



Of regulating the Pateer of Engines. 

543. — An engine is frequently applied where the work to be done is not constantly 
the same ; and when the machinery of a part of it is suddenly stopped, or suddenly set on, 
if the moving power were to remain the same, an alteration of the velocity must take 
place, it must move faster or slower. This change of velocity would in most cases be 
very hurtful to the work, and cause considerable loss ; besides, there is always a velocity 
at which a machine will act with greater advantage than at any other; therefore the 
change of velocity arising from the above cause, is in all cases a disadvantage, and in all 
delicate operations exceedingly injurious. In a cotton mill, for example, where the power 
moved the spindles with a given speed, if so much of the work were at once thrown off 
as to increase the velocity in a considerable degree, a loss of work would immediately 
take place, and an increase of waste from the breaking of the threads ; on the other hand, 
there would be much loss of the time of the attendants, if the machinery moved too 
slow. 
An equally bad effect is observed in raising water, and other species of work. 
644. — The throttle valve. The power of a steam engine is usually regulated by in* 
creasing or diminishing the steam passage, and this is generally performed by admitting 
the steam into the cylinder, more or less freely, by means of what is called a throttle valve ; 
this valve is formed of a circular plate of metal, a. Fig. 1, Plate VIII. having a spindle 
fixed across its diameter. The plate is accurately fitted to an aperture in a metal ring 
of some thickness, through which the spindle is fitted steam-tight, and the ring is fixed 
between the flanches of that joint of the steam pipe which is next to the cylinder. A 
square part is formed on one end of the spindle to receive an arm or lever 6, by which the 
valve may be turned in either direction. 



* Smetton arranged his engines to make tbe returning stroke in less time^than the acting one, (Beporto, Vol. II. p. 300.^ 
Watt sutet it to be generally agreed that the reverse shonld be the case. (Robison's Mech. Phil. Vol. II. p. 99.) The 
reasons for making them equal are stated in (art. 34a) 



i 
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545. — For ihany purposes engines are thus r^^Iated by hand at the pleasure of the 
attendant ; but where a regular Felocity is required, means must be applied to open and 
shut ity without any attention on the part of the person who has the care of the engine. 
For this purpose Mr. Watt, after trying various methods, fixed upon the conical pendulum 
which he called a goyemor. (See art. 650.) 

An axis valve of this kind has much advantage over a valve of any other form for a cir- 
ailar pipe, because it contracts the aperture without being difficult to move, or presenting 
more than the necessary obstruction. But it is by no means an economical mode of vary- 
ing the power of the steam engine. 

546. — To regulate by working more or less by expansion. This may be done by 
adjusting the motion of the steam valves, so that they may be closed at an earlier or later 
period of the stroke, according as the engine has less or more work upon it. This method 
is confined chiefly to regulating by hand, (see art. 481, and Plat^ IX.) The self-acting 
r^^ator in use applies with good efiect only to valve engines, as neither the conunon 
slide nor cock can be adjusted otherwise than to close the passage to the condenser. (See 
art 448, and 4d6.) 

547. — JPielfPs valve. An ingenious mode of cutting off the steam at any period of 
the stroke, has however been discovered by Mr. Joshua Field. It consists of a valve 
placed in the situation usually assigned to the throttle valve, that is, near to the place 
where the steam is admitted to the cylinder. This valve is to be opened at once, at the 
commencement of the stroke, so as to afford full passage to the steam, and shut at once, 
after a certain part of the stroke is made, that the rest of it may be completed by the ex- 
pansive power of the steam. This may he done by causing the valve to open by a tooth 
or cam on a cylinder, on one of the revolving shafts formed to raise the valve, and keep 
it open till the shaft has made part of its revolution, and then shut it. If the toothed 
cylinder be made to slide on the shaft, and the form of the tooth be such, that as the cy- 
linder is moved in one direction the valve will shut sooner, and in the other direction 
later, there is then the means of regulating the period the valve shall be open, and con- 
sequently of regulating the power of the engine. This may either be done by hand, or by 
causing the cylinder having the tooth to slide by the governor. Its application to Maud- 
slay's portable engine, where it is moved by the governor, is shewn in Plate XV. It was 
there first applied by way of experiment, which will account for the indirect passages 
for the steam, and for retaining the throttle valve ; the saving of power, according to the 
experiment, amounted to about ten per cent. 

548. — ^When atmospheric engines condensing in the cylinder have to work under loads 
inferior to their whole power, they are regulated by lessening the quantity of injection, 
or by shutting the injection cock sooner. But in almost all engfines employed for 
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raising water which are r^ulated by hand* it is necessary to provide the means of 
warning the attendant of the power being in excess. 

649.-— Spring beams. In engines with fly wheels no precaution is necessary to limit 
the motion of the beam, because this is most eflfectually done by the length of the crank, 
while the fly continues the' rotary motion so as to prevent strain on the crank shaft ; but 
in engines where a crank is not used, as in engines for pumping, a very strong piece of timber 
is bolted across the top of the beam at each end, as shewn in Plate XIL each of which 
strikes against two wooden springs, one placed on each side of the beam, on the two longi* 
tndinal beams which support the a^tis of the engine beam, and which are on this account 
called the spring beams of the engine. To prevent noise the springs are covered with 
cork at the place where they receive the stroke, and when they are bent beyond a cer* 
tain degree they cause a bell to ring, which gives the attendant notice that the engine re- 
quires regulation. 



The Conical Pendulum or Governor. 

550. — If two or more balls be suspended from a revolving axis so as to revolve with 
it, the balls will rise when the velocity is increased, and fall when it is diminished ; and 
by connecting arms to the rods by which the balk are suspended, their rising or falliog 
may be made to move a lever so as to open or close a valve, or the like, on any change 
taking place in the velocity of the machinery ; and hence, it is employed to render an en- 
gine the regulator of its own power to the eflfect it is to produce. 

In the construction of this apparatus, there is to consider the place of the balls 
corresponding to the mean velocity, the range of motion, and the weight ana velo- 
city of the balls. 

Difierent modes of combining the parts are used by diflTerent engineers ; one of these is 
shewn in Plate VIII. Fig. 1, where ^ is the revolving axis,y*the point of suspension, jj 
the balls, e e the rods by which the balls are suspended. These rods are connected to 
the rods 1 1, and by that means raise or depress the sliding piece &, and with it the leret 
I which acts on the throttle' valve. The parts marked k. ft, are two rests to receive the 
balls when the engine is not in motion. 

551. — ^The vertical distance between the point of suspension and the plane in which 
the centre of the balls revolve, is the same as the length of a pendulum which makes one 
vibration, forward aiid back again, in the same time the balls make one revolution. The 
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osaal Telocity for the the axis is thirty revolutioiis per second, and therefore the height 
should bejthe same as the length of the seconds pendulum, that is, 39*14 inches. To find 
the height for any other number of revolutions per minute, divide 35,226 by the square 
of the number ; thus, for twenty revolutions, 20 x 20 = 400, and 

36226 _ 
400 "" 

88*065 inches, the height required. 

552. — ^The range may be settled from considering the greatest change of velocity the 
machinery may acquire without injurious effect on the work ; and with this range the go- 
vernor ought to be capable of completely cutting off the acting power. Now the greatest 
variation should not generally exceed one-tenth of the velocity, that is, one-twentieth on 
either side of the mean ; and the range of the plane of revolution will, in that case, be 
nearly one-fifth of the height of the point of suspension above the planes of revolution at 
the mean velocity.* Thus, if the mean height be 39*14 inches, then one-tenth on each side 
will be 

39*14 + 3*914 43*054 
89*14 - 3*914 = 35*226 

One-fifth of 39*14 = 7*728, the range. 



Where a throttle valve is acted on by a governor, the steam passage should be fully 



* For if V be the mean velocity, and it increases tov4.nt;aBi;(l -f-n); then the height of the plane of revolution 
will be altered from h to 



or in the ratio of ( 1 -f **)' * ^* consequently, the change in the velocity will be to the change in the height of the plane 
of revolution, asl -^ n : {I -^ n)* ; and the increments are as n : 2 n -f" ^'* or as 1 : 2 -f* ^ i and when n is a 
small friction, it is nearly as 1 : 2. 

From want of attention to this point, the governor has been supposed to be deficient in sensibility to the changes of ve- 
locity in a nice machine ; and M. Preus has proposed to use a small pump to raise water to a cistern, from whence it es- 
capes by an aperture which can be regulated at pleasure. When the engine moves at a greater speed than the proposed 
one, the water rises in the cistern* and raises a float which closes the throttle valve. See Phil. Mag. Vol. LXII. p. 296. 
It is obvious that it cannot exceed the governor in sensibility, while it will require considerable attention to keep it in 
order. 

N N 
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open at the usi^il velocity of the eDgiiie« and contracted only when it exceeds tha,t velocity^ 
otherwise the steam must be always throttled, except when the engine is working against 
an unusual resistance*. 

553. — The balls are made from thirty to eighty pounds each,; their eflfect, however, 
depends considerably on the angles formed by the combination of bars. In the form in 
Fig. I9 Plate VIII. the force is small, but the quantity of motion is considerable ; while 
that in Fig. 3, Plate XV. has more force and less motion. The angle the ball rods make 
with the axis, should be about thirty degrees when they are at rest ; and provided the 
range be sufficient, the angle the connecting rods make with the axis, may be made acute 
with advantage in point of power.* 

554. — The regulator. The velocity of an engine for raising water may be r^^Iated 
by a small cylinder provided with a piston, and fixed on a pipe from the air vessel of the 
main ; which, when the engine goes too quick, forces water into the lower part of the small 
cylinder and raises its piston. The piston is loaded with a weight corresponding to. the 
proper velocity of the engine, and therefore it is only when it goes too rapidly, that, the 
friction increasing in the main pipes, the pressure in the air vessel increases also, and this 
pressure being also communicated by the small pipe to the regulating cylinder, causes its 
loaded piston to rise, and the motion is communicated^ by a wire to the throttle valve, so as to 
close it and diminish the supply of steam ; or, on the other hand, if the engine works too 
slow, the pressure in the air vessel diminishes, and the loaded piston descends and opens 
the throttle valve. ^ 

In order to prevent the motion of the piston being too g^at, the load is divided into 
links like a chain, and as the piston rises more links, are raised, consequently the load in- 
creases; and also as it descends, the links, by resting on the ground, diminish the load. A 
spring might be applied to produce a similar effect. 

555. — ^In some cases the further improvement has been adopted, of using this method 
to adjust the tappets which shut off the steam. For this object, the motion of the small 
piston is communicated to a wheel which turns a pair of bevelled wheels, the one of which 
is on the square part of a screw rod attached to the plug tree; and whenever the motion is 
too rapid the rod is turned, and moves the tappet so as to cut off the steam sooner, and the 
reverse. The square part of the rod slides in the wheel upon it without change, except 
when that wheel is moved by the regulator piston. 

556. — Of the cataract. The power of an engine for raising water may also be Teg^• 
lated by increasing or diminishing the interval between Jt^ strokes; this is done by caus- 



* Several trials have been made to apply the governor to boat engines, but it appears to me that the changes are too 
sudden for this mode of regulation. 
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ing theteppets to disengage a loaded piston, which descendis in a gmall air vessel, expelling 
the air from it by a pipe, which can be regelated by a cock at pleasure ; the valves are 
not free to open till this piston be at the end of its stroke. The air vessel is a cylinder of 
from five to six inches diameter and twenty inches in length, open at the top with a valve 
opening inwards at the bottom, that it may ascend without unnecessary resistance. It is 
provided with a pipe from the bottom, of sufficient diameter to allow the air to escape 
when the eng^e is at full speed, which has a cock to regurate the time of discharge. It is 
alto fitted with ah air-tight piston, the rod of which is connected with the apparatus which 
opens the valves. Two air vessels are required for a double engine. 



Of the Methods of ascertaining the State and effective Power of a Steam Engine. 

567. — Certain instruments have been invented which are of great use in ascertaining 
the state of an eng^e; and these ought to be kept, in good order, so as to be capable of 
affording the required proof at any tone. Mr. Watt has most Justly remarked, ^^ It is the 
interest however of every owner of an engine to see that they, as well as all other parts 
of the eng^e, are kept in order.* 

The instruments consist of a steam gauge, the condenser gauge, and the indicator. 

558. — Steam gauge. The steam gauge, Plate YIII. Fig. 1, (18,) is a short bent tube 
of iron, nearly half an inch in diameter, with one end fixed into the boiler or the steam 
pipe, and open to it; with a portion of mercury in the bent part of the tube. The 
part joined to the boiler or steam pipe is freely open to the steam, which, pressing on the 
surface of the mercury in the pipe, raises it in the other leg of the tube, which is open to 
the air at the upper end, and the height it is raised is measured on a scale (20) by a slen- 
der stem from a light float on the surface of the mercury ; which therefore shews the elastic 
power of the steam over that of the atmosphere. The scale should be adjusted by allowing 
the air free access to the mercury on both sides. 

The scale is commonly divided into inches and parts ; each inch corresponds to two 
inches of mercury, and to a pressure of 0775 lbs. on a circular inch, and to 098 lbs. on a 
square inch. If each of the divisions of the scale be made 1*3 inches, and these each di- 
vided into ten equal parts, the pressure in pounds and tenths on a circular inch will be 
shewn by the gaug^ Some divide the scale into half inches, then each division represents 
an inch of mercury. 



* Hobiflon's Mecban. Phil. Vol. II. p. 156. 
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Sometimes a cock (19) is placed between tbe mercury and the steam, so as to use it or 
not at pleasure. 

To render the divisions of the gaugn lar^r, Mr. Watt made his guage pipe of glass, 
to terminate in n cistern of mercury inclosed in an iron box. The action is then like a 
common barometer ; tlie steam having free access to tbe surface of the mercury in tbe 
cistern. 

559. — Coiidetuer gauge. This is sometimes called tbe barometer g;auge, from its resem- 
blance to a barometer. It is made of iron tube in tbe form of an inverted syphon, Plate 
VIIT. Fig. I, (21) with one 1^ about half the length of the other. To ttie upper end of the 
longer log (24) a pipe is joined which communicates with the condenser, and has a stop ' 
cock (22) to open or close it. When a proper tjuantily of mercury is poured into the short 
leg of tbe syphoD, and it is open to the atmosphere at both ends, it naturally stands level in 
the two legs, A light float with a slender stem is placi'd in (he short leg, and a scale (25) 
attached, which is usually divided into half inches; nnd as by the exhaustion in the condenser, 
the mercury rises as much in tbe long leg as it falls in the short one, these divisions will be 
equivalent to inches on the common barometer. 

The condenser gauge should indicate the state of the vapour in the condenser, (o be ca- 
pable of sustaining from two to three inches of mercury. While it does not exceed three 
inches the condensation may be esteemed vtry good ; and about two inches is tbe best I 
have seen obtained in practice. 

The difference between the elastic force of the vapour in the condenser, and tlie elastic 
force of the steam in the boiler, as shewn by the gauge, added to the height of tbe barome- 
ter at the time, gives the relative tbrce of the steam to move Ihe engine, but many deduc- 
tions have to take pluce before we have the real moving force ; nevertheless they shew the 
state of two very important parts of the engine, (See Sect. V.and VI.) , 

560. — The indicator. The force of the steam and the state of exhaustion in the cy- I 
linder, at the different periods of the stroke of the engine, cannot be ascertained by Ibe 
condenser gauge, and for that purpose it was necessary to form an instrument less subject " 
to vibration ; the instrument in use is call the indicator, and is found to answer the end 
tolerably well. It consists of a cylinder about one inch and three quarters in diameter, 
and eight inches long, exceedingly truly bored, with a solid piston accurately fitted to it, 
so as to slide easy by the help of some oil ; tbe stem of the piston is guided in the direc- 
tion of the axis of the cylinder, so that it may not be subject tojam or cause friction in any 
part of its motion. The bottom of this cylinder has a cock and small pipe joined to it ; a 
flat pillar D (Plate XVI. Fig. 1,) is screwed to the cylinder of the indicator C, and sup- 
porting the frame E E, which is twelve inches by seven inches, with the upper and nndw^ 
rail grooved to retain the sliding board K. | 

The piston roil G is nbout five-eighths of an inch in diameter, and ^sixteen inches long ; 
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and H is the guide for it screwed to the pillar D, at about six inches above the top of 
the cylinder C. 

A spiral spring I is attached to the piston at F, and to the guide at H. It should be 
about seven inches long when at rest, and of such a strength as to allow the piston F to de- 
scend to within about an inch of the bottom of the cylinder C, when it is loaded with fif- 
teen pounds upon every square inch of its area ; and the spring should admit of being com- 
pressed one inch and a half. 

The board or pannel K slides in the grooves of tbe frame E E, and should be seven 
inches square; and a small brass slider L should be set at any height on the piston rod G, 
by means of a screw. A short pencil is inserted in the other end, with a weak spring to 
push it against the surface of the board K, which is caused to slide by a weight N, at- 
tached to a line passing over a pully ; the opposite line O being attached to any conveni- 
ent part of the parallel motion of tbe engine, so as to cause the board K to traverse a space 
of about fourteen inches and a half during each half stroke of the engine. 

Operation. By opening the stop cock B, a direct communication is made between the 
cylinder of the steam engine, and the cylinder of the indicator. When the force of the 
steam in the cylinder is greater than the pressure of the atmosphere, the piston F will 
rise; when the force of steam is less than atmospheric pressure, it will sink. The indi- 
cator will consequently rise when the upper steam valve opens, and will be at a height 
proportional to the force of the steam in the cylinder during the stroke of the engine; 
and when the eduction valve opens, it will sink, and by the rapidity and quantity of its 
descent, denote the state of the vapour in the condenser. During the motion of the piston 
F, the sliding board will move horizontally, and the pencil in the socket in L will trace 
on the board K, or on a paper on its surface, a figure P, Q, R, S, resembling those shewn 
on an enlarged scale in the annexed fig^ires. Of this figure, P Q is described during 
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the descent of tbe steam piston, at Q, the condensation takes place, and the indicator is 
forced down by the pressure of the atmosphere, till it be balanced by the resistance of ^ 
the spring, and the vapour in the cylinder. While the engine makes the ascending part 
of the stroke, the line R S is described, and the line S P is described durii^ a fresh ad- 
oiission of steam by the upper valve. 

The area P Q R S, is proportional to the force of steam on the piston during the stroke. 
But the steam is not exerting the greatest power in proportion to the quantity of fuel, 
when this area is the greatest, for when the steam -acts by expansion, the area described 
will resemble the figure P Q R S, the steam being cut off at C, and more power will be 
exerted by a given quantity of steam. In the same engine doing different quantities of 
work the figures shew two cases ; the black lines represent the power when the throttle 
. valve is used for regulation, and the dotted lines when the engine is regulated by cutting 
off the steam. 

661. — Ifp be the number of pounds on a circular inch of the indicator piston, which 
causes it to descend d inches, and let m be the length of the line a 6, measured in inches 
on the diagram drawn by the indicator, then 

mp 
a :m :: p : — y- = 
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the pressure exerted by the steam in pounds on a circular inch, at the point a of <he descent 
of the piston. Thus, if by trial two pounds per circular inch causes the piston to descend 
one inch, then 



m 



V *» X 2 o 



d 1 

or each inch of the indicator would correspond to two pounds per circular inch. 

If the distance the tracer moves horizontally be divided into equal parts, and the verti- 
cal distance between the lines P Q and R S be taken at each point of division, and the 
sum of these distances, less half the distance P S, be taken and divided by the number of 
divisions, the result will be the mean distance the piston of the indicator moves over ; and 
calling this mean distance ni, it will be 

m p 

the mean pressure on the steam piston in pounds upon a circular inch.* 

562. — To measure the useful effect of an engine. The preceding methods only give 
the state of parts, but the useful effect depends on the whole being in order, and the most 
simple and convenient mode of measuring the effect, is by means of friction.f If the rim 
of a brake wheel on the engine shaft of a known diameter be pressed with a f<»rce pro- 
ducing a known degree of friction, which is exactly equal to the effect of the engine at 
its working speed ; then it is clear, that if the friction this pressure produces be ascer- 
tained, the power of the engine will be equal to the friction multiplied by the velocity of 
the rubbing surface. 

To apply this, let A B be a lever, with a fric- 
tion strap that may be tightened upon the cylin- Fio. 24. 
drical surface of the shaft or wheel C, and let 
it be tightened by the screw at B, (the lever ^j, 

being stopped by the stop D) till the friction be C^^ ^ ^ ^ ^ 

equal to the power of the engine, when all other 

work is thrown off, then while the engine is still 

in motion add such a weight at £ as retains the f^ 

lever in a horiasontal position. ^ 

To calculate the power. Multiply together the length F C of the lever in feet, the 



* The indicator appCArs to have been invented by Watt, (Robison's Mech. PhU. Vol. II. p. 156.) and the tracer ap- 
plied to it by Field. 

t It is for uie in those cases where the work itself is not susceptible of accurate measure ', and ahnost all engines for 
impelling machinery aie in this class. The power of engines for raising water is easily computed. 
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weight £ in pounds, the number of revolutions of C per minute, and the number 6*2832, 
the result will be the pounds raised one foot per minute ; and, divided by 33000, it is 
the horses' power.* 

Thus if a shaft C make twenty-five revolutions per minute, and the length E C of the 
lever be ten feet, and if it be found that a weight of 240 pounds is sufficient to retain the 
lever in a horizontal position, then 6*2832 x 10 x 240 x 25 = 376992 pounds raised 
one foot, or eleven and a half horses' power, very nearly* 

The trial is so easily made, and the result so accurate a test of the qualities of an engine, 
that I strongly recommend it to the notice of those who are desirous of having good 
engines. 

563. — The counter. To estimate the saving of fuel by the application of Watt's 
epgines, an apparatus wa« attached to the beam, to ascertain the number of strokes the 
engine made in a given time ; it is called the counter, and consists of a train of wheel 
work resembling that of a clock, so arranged that every stroke made by the engine moves 
one tooth, and the index shews how many strokes have beeb made between the times of 
examination. The counter is inclosed in a box and locked, to prevent it being altered 
during the absence of the observer. If the box be attached to the axis of the beam, the 
inclination of the beam causes its pendulum to vibrate every time the .engine makes a 
stroke, and thus moves the counter round one tooth for every stroke. The box may also 
be fixed to the supports of the beam, and then at every stroke a small detent is moved 
one tooth. The counter is still used in Cornwall, in order that the effect of the engines 
may be reported on by the inspectors ; and it is useful in various instances where a cheek 
on the consumption of fuel is desirable. 



OJ' Working Steam Engines. 



564. — The first attention should be directed to the qualities of the fuel and - the 



• For let < be the leverage the weight w acts with, and r the radius of the wheel or shaft c ; the friction/, the velocity 
V, and the rerolutions of e per minute n. Then/ v =s the power, and 

I w 
r ' 

and V B= 6*2832 r n, consequently, 9/ =a 6*2832 I von, the power in pounds raised one foot, when I is in feet and » in 
pounds. 
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qaeatly, if the boiler oontein one hundred parte of water, and s parte be med for steam, 
and n parte let out, then fix on the degree of saturation,' for example, to contain a parte of 
saline matter ; them if S($ + n) ^ anfthe quantity of salt entering, and the quantity 
quitting in the same time will be equal ; hence, 

8 S 



tf- 3 



= «. 



If a ss SO the water in the boiler will not reach to a higher degree of saturation when 
a ninth part of the quantity used for steam is allowed to escape. Now as it requires only 
about one-sixth of the quantity of fuel to boil water, that is required to convert it into 
steam, hence, the loss of fuel will be 9 x 6 = one fifty-fourth part.* 

566. — Of working a condensing engine^ The engine is supposed to be at rest, the 
cylinder quite cold, and the condenser partially filled with water, and the piston at the 
,top. When the water in the boiler begins to boil let steam enter by the ralves, or the 
slide, and the communication which is added when a slide is used; it will then fill the 
cylinder and pipes, and the injection cock being shut, it will gradually displace the water 
in the condenser,t by forcing it out at the blow valve, and afterwards the air. When 
all the air except that mixed with the steam is driven out, which will be known by the 
sharp cracking noise at the blow valve, this noise must be allowed to continue till it be 
supposed that there has been time for at least as much steam as fills the engine to run 
through* Then shut, off* the steam except to the upper side of the piston, and open the 
injection cock ; if motion does not commence, the injection cock must be shut, and the 
blowing through of steam repeated. If the engine have a steam case or jacket, that case 
must be cleared of air and water, and filled with steam before the operation of blowing 
through be commenced. 



• An ingenious combination was formed by Messrs. Maudslay and Field, to avoid this loss by causing the water enter. 
ing the boiler to traverse the central parts of the pipe which removed the saturated hot water ; the loss of effect then be- 
comes very small, even when the degree of saturation is much less. Now to prevent the deposition of sulphate of lime 
we must make a «= IQ, and then three-sevenths of the quantity required for steam must be let out, and one-fourteenth of 
the effect of the fuel will be lost. It may be necessary to -explain that sulphate of lime does not appear to exist in aea 
water till a change of combination among its constituents takes place through evaporation ; also, it requires thirty-six 
parts of salt to saturate one hundred of water at 226*, but it appears that deposit takes place at 228* with only thirty 
parts. 

t The best method would be to use a cock to let out the water from the condenser, placed so low as to completely 
drain it, and the water should be let out in the first instance ; then the steam should be let on, and as soon as steam 
issued at the cock it should be closed, till it be evident that the cylinder is as hot as the Meam will render it ; then open the 
cock again till steam has passed out a few seconds, and close it, confining the steam to the top of the piston, and open the 
injection, when motion will commence, if the operation has been prSperly performed* 
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The noDCondeiisiiig species of engines require nothing more than to be heated and freed 
from water, and atmospheric engines condensing in the cylinder to be freed of air. 

567* — Of the management of the fire. The chief thing is to obtain as equable a 
supply of steam as possible; and the object of the attendant must be to render it so with 
the least occasion for opening the fire door. He must endeavour to preserve a clear free 
burning fire, which cannot be done if it be allowed to become foul by clinkers accumula- 
ting. Every coal which will not pass a ring of about two inches and a half diameter 
should be broken ; and either feed frequently, thinly, and equally over the surface of the 
fire, or adopt the method pointed out in (art. 249,) but. in important works Brunton's 
method should be applied, (art. 260.) 

568. — Great care should be taken to keeping the engine and boiler clean and in good 
order, and for this purpose frequent and steady attention is more effectual than twice the 
quantity of irregular labour. In work of this kind that which is done well is twice done ; 
and the most furious zeal is vastly inferior to steady attention, for the one destroys the 
objects of its care, the other preserves them. 

The best kinds of oil, and tallow should be used ; for piston grease, tallow is most 
estMwed, and when cylinders are new, a small addition of very soft black lead in fine 
powder improves the eflfect of the tallow. Oil appears to be improved by the addition of a 
soudl qoantity of wax. 



SECTION IX. 



OF THE APPLICATION OF STEAM ENGINES TO DIFFERENT 

PURPOSES. 



569. — The immeDse variety of objects to which steam power is or may be applied, 
renders it necessary to confine our attention to the most prominent ones for illustration. 
These are to raising water; to impelling machinery for mining, manufacturing, and agri- 
cultural purposes ; and to land carriage : the application to navigation being so distinct 
and important, as to require a separate section. (See Sect. X.) 



Of raising Water. 

570. — ^Water is generally raised by means of pumps of the lifting or forcing species. 
The stroke of a pump should not exceed about eight feet, otherwise the ah: disengaged 
from the water, the escape by the bucket or piston, and the defect of pressure on the fluid 
which is rising after the piston, becomes greater than the escape by the valves. The ve» 
locity of the piston should not exceed ninety-eight times the square root of the leng^ of 
the stroke, (art. 342.) 

571. — Owing to the escape at the valves and the disengagement of air, the quantity of 
water a pump in the best order delivers at one stroke is 

•95 / </• X -7854 .. _ 



144 
*00618 Id* ^ the quantity in cubic feet; when / is the length of the stroke in feet, and d 
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h«Bee, 9 4- 804 -«* 44-7 =: 946 » A; and 

/ '7332 X 948 X 80 \i _ 
\ 11 / "" 

( 5064*171 )i s T9 iocbes vtssKAj^ for the diameter of the cyliDder ; and ( 2*16 x 80 )i aa 
13*116 inches =3 the diameter of the pump; the velocity being 180 ftet per minute. 
Both these diameters ouglit to be increased five per cent for contingencies. 



Drainage of Mines. 

573. — In this country the draiinage of mines is a subject of vast importance. If is 
mines which supply the means of employing steam power, and also a large proportion of 
the materials on which that power is expended. To persons accustomed to mines, it is 
seldom necessary to state those principles which should direct them in the choice of en- 
gines. The absolute necessity of an economical system of drainage is felt and acted upon, 
and it is by comparison of annual expense, and not by a comparison of the effect, from a 
given quantity of fuel, that this economy should be estimated. 

A mine engine should be simple in construction, durable in use, and made with a view to 
easy repair. When coals are not expensive, the most simple methods are the most econo- 
mical ; for instance, at the mouth of a coal pit the extra consumption of coals is of less 
value thaii the extra wes^r and tear of a complex engine. 

674. — ^The modes of draining mines are dependent on the nature of the district where 
they are situated. If it be mountainous, a subterraneous channel or day level drift,* may 
be made, from the lowest pari of the mine to terminate in the nearest valley, to carry off the 
water, and it is only when this method is impracticable that water is raised by power, and 
even then the water is raised no higher than to where a day level drift can be obtained. 
But it frequently happens that the flatness of the country renders any other method im- 
practicable, than that of raising the water to the surface. For example in the coal-field of 
Northumberland and Durham, many of the large double pits exceed one hundred fathoms 
in depth, and some are nearly 150 fatbonous deep, with no means of drainage by levels. 
These pits therefore require very powerful, engines, and lately they have chiefly erected 
double engines, some of which are above one hundred horses' power ; the largest I saw 
there was one on the south side of the Tyne which was workmg with 160 horses' power, 



* In Cornwall and Devon it ii called an adU^ in some other places a sough. 
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and was capable of exerting tlie power of 900 horses in action at once. In Cornwall they 
have some larger engines, bat two engines should always be preferred, when the cylinder 
of one engine would exceed about sixty inches in diameter, for two engines give many 
advantages. 

575. — When double engines are used for lifting water, they generally work one set 
of pumps by the outward end of the beam, and another set by a diagonal spear from the 
piston rod end* And in cases where it has not been convenient to divide the pumps into 
two sets, the ascending motion of the piston has been employed to raise a weight equal to 
the pressure of half the column of water in the pumps, but for such cases a single engine 
should be preferred. 

576. — The following table will give some idea of the work done by a given quantity 
of fuel, and of the nature of the engines most approved of in Cornwall ; the results how- 
ever can be correct only through the diiferent errors of the mode of estimation balancing 
one another, for the weight of the column of water is less than the resistance, and the 
counter only registers the strokes and not the actual quantity of water raised.* 



* In the year 1811, a number of the respectable proprietort of the valuable tin and copper mines in Cornwall, resolved 
that the work which their respsctive steam ^en^nes were performing, should be ascertained, as it was suspected that some 
of them might not be doing duty adequate to the consumption of fuel ; and for the greater certainty of attaining their ob- 
ject, it was agreed that a counter should be attached to each engine, (art. 563,) and all the engines be put under the su- 
perintendanoe of some respectable engineer, who should report monthly, the following particulars in columns : vix. 

The name of the mine ; the size of the working cylinder; whether working single or double ; the load per square inch 
in the cylinder ; length of stroke in the cylinder ; the number of pump lifts ; the depth in fathoms of each lift ; diameter 
of pumps in inches ; time worked ; consumpiion of coals in bushels ; number of strokes daring the time ; length of' 
stroke in pump ; load in pounds ; pounds lifted one foot high by a bushel of coals ; number of strokes per minute ; and 
lastly, a column for names of engineer and remarks. Messrs. Thomas und John Lean were appointed to the general sa- 
perintendance ; and the different proprietors, as well as the regular engineers of the respective mines, engaged to give 
tliem every facility and assistance in their power. The first monthly report was for August 1811. See Philo. Mag. Vol* 
XLVI.p. 116. 
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The engineers' -names are given who plan the construction and superintend the execu- 
tion and erection of the engines, for which they are paid in proportion to the power ; they 
dso attend to them afterwards, and direct such renewals or repairs as may be necessary, 
at fixed salaries. The principal manufacturers of engines for the Cornish mines are 
Messrs. Trevenan, Came and Wood ; Messrs. Harvey and Co ; Messrs. Fox and Co ; and 
Messrs. Price and Co. 

577. — The depth of the pump shaft of a mine is divided into lifts of not more than 
twenty-five or thirty fathoms, if it can be avoided, with a cistern at each lift, consequently 
the water is raised horn cistern to cistern. The size of the pumps is seldom greater than 
sixteen inches in diameter, and it will always be found better to make an additional set 
than to exceed this size. 

578. — The engines most adapted for economy of fuel, are described in (art. 411, and 
419|) those which are most simple in (art. 393 and 400,) and as it frequently happens 
that engines have to be removed from plac« to place, an engine supported by frames of 
cast iron is shewn in Plate XL 

579. — ^For drawing ores and coals, a double engine of from twenty to thirty horses' 
power is used ; the size of the cylinder should be such, that the power shall be equal to 
Jhe resistance, when the stress is the greatest; hence, engines for this purpose require 
more ftiel to raise the same quantity of matter a given height, and there is also much loss 
of eflect through stoppages, changes of motion, &c. When one pound of coal raises 
70,000 pounds of ore, it is about the maximum quantity in irregular work of this kind. 
The weight of matter drawn at once is from three to seven cwt. The weight of a rope is 
about *27 c' pounds per fathom; when c is the circumference in inches: the greatest 
stress on a rope should not be more than 700 times the weight of a fathom of the rope ; 
and the stress on the engine should be equalized by the rope winding on to a spiral 
drum,* like the fusee of a watch, by which the expense of the engine, and the expendi- 
ture of fuel would be reduced. The engine should work expansively, (art. 419,) and be 
equalized by a fly wheel, (art. 540,) and regulated by a governor (art. 550.) 

When an inclined plane is necessary under ground, a small high pressure engine is 
sometimes used to draw the coals to the principal shaft, of the kind of engines described 
in (art 371.) 

580. — ^Engines are also employed to break ores by means of stampers, a process 
which seems capable of much improvement. Double engines are employed to raise the 
stampers by means of cams ; and as the power of the engine is nearly uniform, the space 



* See Ency. Metho. Diet, de Chimie et M^tallurgie, Seconde Piit(e» PUncbe 20; or Qilpin't Method, Tnnsactioos of 
the Society of Arts, Vol XXV. p. 76. 

P P 



290 OF THE APPLICATION [sect. tx. 

through which the stamper is raised should increase at first in the proportion due to an 
uniform force ; otherwise the motion will be irregular, and the loss of power considerable. 
The wei^t of a stamper is usually made about 190 pounds, and the height it is raised 
about two feet ; and not less than two-thirds of the stampers should be rising at any in- 
stant of time. 



Water Works. 



581. — ^The same formulae apply to water works as to other modes of raising water, 
when it is raised perpendicularly ; but as this is seldom the case, instead of adding 1*5 
feet for each lift, as in (art. 572,) add 

t;^ L 
140 d 

feet to the vertical height ; where v is the velocity in feet per second, L the length of the 
main in feet, and d its diameter in inches : add also one-tenth of the height for the (Kction 
of the piston, and proceed in other respects as in the article referred to. 

582. — The supply of a town should be ten cubic feet per day for each house, and for 
the averaged sized houses this is not more than c6mfort and cleanliness requires ; or two 
cubic feet per day for each individual, besides what is required for watering streets, for 
breweries, engines, and various purposes; and for these purposes two cubic feet more 
ought to be delivered in summer, making a total of four cubic feet per day for each per- 
son, for the greatest quantity : in small and open towns a less quantity of water is required, but 
even in these, two cubic feet and a half ought to be calculated upon.* In raising water by 
forcing, the air vessel should always be in the direction of the motion of the fluid, and 
not to one side of it ; want of attention to this causes those concussions to take place 
which tear the joints asunder, break the cranks, and spoil the machinery. Double en- 
gines with fly wheels are the most economical when fuel is dear, (art. 419,) and single 
engines where it is cheap, (art. 41 1 and 400 .) See Plates XII. and XIII. 



* The following tablet is compiled chiefly from Leslie* t Nat. Phil, with some additions, and a more reasonable esti- 
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Of Impelling Machinery for mantfacturing Purposes. 

583. — Iron manufacture. In this manufacture the steam engine is applied to blow- 
ing machines, forge hammers, rolling, flatting, and slitting machines, and various other 
purposes. 

fiS\.-^^Blowing machines. The object of this machine is to supply oxygen to fur- 
naces, either for melting, or reducing ores to the metallic state ; hence, in order that the 
eflTect may be the same, or nearly so, when the same fuel is used, the supply of oxygen 
should be the same. But in the same bulk of dry air, there is nearly ten per cent less 
oxygen at 85^ than at 32® ; and twelve per cent less when the air at 85^ is saturated with 
▼apour; consequently, if 1500 feet per minute be a suflScient supply for a furnace in 
wmter, it may require 1625 feet per minute in summer, to have the same eflTect: and the 
diflference ought clearly to be gained partly by the aperture being enlarged, and partly 
by iipcreasing the intensity of the blast. 

The blast is usually produced by condensing the air, till it will sustain a column of 
from four to six inches and a half of mercury, (one and a half to two pounds per circular 
inch,) according to the quality of the coal ; and the mean between these is most generally 
found to answer : the quantity discharged varies from 3000 to 1200 feet per minute. 

If e be the velocity of the piston of a blowing cylinder in feet per minute, /> the force 
of compression in pounds per circular inch, and d the diameter of the blowing cylinder 
in inches, then allowing that /the friction increases the power from 1 to 1*25, we have 1*25 



natc of the quantity supplied to ancient Rome. 



Towns. • 


Inhabitants. 


Supply of water per day. 


Each person p6r day. 

1 


London 

Edinburgh (old service) 

Rome (modem) 

Rome (ancient) 

Paris 

Plymouth 


1,225,694 
138,235 
136,000 

1.200,000 

713,765 

21,570 


3,888,000 cubic feet 
no £40 . . . 


3-15 cubic feet. 
0-61 


5J05 000 .. . 


^0- ^, 


10 500 000 -. - 


*)• -- 


203 600 


0"12 ..-.-. 


QQ 400 . - — . 


l-*^fi .. .1 . . 







292 OP THE APPLICATION [sect. ix. 

p V d* zs the power in ponnds raised one foot hig^h per minute, when the stroke id effec- 
tive in both directions, and half that when in one direction only.* The capacity of the 
air chest should be proportioned by the principle given in (art. 21 1,) and the passages to 
it should be about one-twentieth of the area of the cylinder. The quantity of air delivered 
into the chest will be about one-fifth less than the capacity of the cylinder, when taken at 
atmospheric density, partly through escape by the valves, and by the air not entering till 
the space within the cylinder is rarefied so as to produce the velocity. 

For this as well as all other parts of iron manufacture, the double acting condensing 
engine, prepared to work either expansively or at full power, will be found the best. (See 
art. 421.) 

585. — Cotton mills. The steam engines best adapted for cotton mills are double 
acting engines working expansively. The mean pressure on the piston of an engine of 
this kind, using low pressure steam, when working with the greatest advantage, is about 
five pounds per circular inch, (art. 420,) and each circular inch of the piston may be 
estimated to drive three spindles of cotton yarn twist, with the preparatory machinery* 
And for mule yarn with its preparation, if fifteen be added to the number of the yarn,t 
and the sum be multiplied by *26, the result will be the number of spindles for each cir- 
cular inch of the piston. Thus if it be No. 40, then 40 + 15 = 56, and *26 X 55 s 14 
spindles. 

It is somewhat more accurate to estimate the power of the engine in horses' power, and 
then one horse power will drive one hundred spindles with cotton yarn, and the prepara- 
tory machinery. And add the number of the yam to fifteen, and multiply the sum by 
eight, and the result will be the spindles that are equivalent to one horse power of mole 
yarn with preparation. 

One horse^s power will work twelve power looms with preparation.} 

The day's work, supposing it to be eleven hours, ought to be done with about ninety 
-pounds of the best caking coal for each horse power. 

586. — Paper mills. Steam engines are also used extensively in making paper, for 
where the supply of water is regular it has acquired a value equivalent to steam power, 
while the latter possesses many advantages. 

A beating machine requires about seven horses' power to work it ; the new machines 



* The rule v only an approximation, but nearly correct for sm^H degrees of compression ; in greater ones the princi- 
ples of the note to (art. 377,) should be applied. 

t The number is the hanks to the pound of yam, and a hank appeirs to be 120 yards. A spindle produces two hanks 
per day at an average, and the waste in spinning is about ten per cent. 

X Briin ton's Compendium, p. 109. 
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for making paper from two Ui two and a half liorses' power ; and three and a half horses' 
power will prepare one ton of old rope in a week, when the machine works ten hours per 
lay.* 



()f Impelling Machinery for Agricultural Purposes. 



587* — In farming there are few things that admit of the employment of steam power 
with economy, but where it is employed at all it is an adirantage to apply it to as many 
purposes as possible. 

The species of work to which it is susceptible of application are— -thrashing and win- 
nowing grain, chaff cutting, grinding bones for manure, and to grinding com for fatting 
cattle and for family uses. 

The boiler may be farther applied to steam food for cattle. No other objects occur 
to me except to notice that for drainage in fenny districts, and for irrigation in others, it 
is worthy of the landowner's consideration whether its application would or not repay the 
expense.t 

588. — Thrashing. Thrashing machines to be driven by a steam engine are made 
from four to six horses' power ; and the usual proportions are 

The feeding rollers thirty-five to thirty-seven and a half revolutions per minute, diame- 
ter three inches and a half. 
Straw rakes thirty revolutions per minute, diameter three feet and a half. 
Drum 900 revolutions per minute, diameter three feet and a half. 



** Fenwiek't Essays, third Edition, p. 62. 

t By a single engine, (art. 411.) 280,000 cubic feet of water may be raised one foot higb by one bushel of coals, and 
for any other height divide 280,000 by the height in feet. It will require an engine of one horse's power to work eleren 
hours and a half per day, to raise that quantity daily. The expense will be about £ 8 per annum for each horse power, 
to return the first cost and pay for the renewals and repairs of the engine ; the fuel is one bushel of coals per day for each 
lioru power, and one man and boy will attend an engine of ten or twelve horses' power, and also partly to the distribu- 
tion of the water : the quantity required for an acre would be about 600 cubic foet per day, and Ihexefbre an engine of 
ten horses' power would supply 560 acres, if it had to be raised ten feet ; at a cost which in few cases could exceed ten 
ahillings^per acre if continued for six months per year. On proper lands for the purpose the return would be ample, and 
a more perfect mode of applying water to land will very probably be discovered. 
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The driun has four beaters faced with gtroD^ iron plate ; a cylindric frame with four sets 
of teeth five inches long^» attached to its circumference, forms the straw rake.* 

The breadth of the machine, or length of the rollers to receive the feed, is limited by the 
uidth to which one feeder can attend in a proper manner, and about from four to five feet is 
the raui^e: the thickness of the feed cannot be materially altered from that which gives the 
bt'Kt ertW*t ; and, therefore, there is only the velocity in which the pdwer can be altered be- 
yond the small change in width. The quantity of wheat thrashed by a machine four feet 
in bi'eadth, varies, according to its quality, from twelve to twenty-four Winchester bushels 
|HT hour, and from sixteen to thirty bushels of oats per hour. 

The power required is 100,000 lbs. raised one foot per minute when for thrashing, and 
133,000 raised one foot per minute when winnowing machinery is also worked ; other sized 
machines nearly in proportion to their breadth : this supposes the machine to be well made 
and kept in tolerable order. 

The proper species of engine for farm use is the double engine (art 414 and 419,) with 
slides, and the whole arranged in the most simple and obvious manner.f 

589. — Corn mills. The mean quantity of power required to g^ind and dress a Win- 
chester bushel of wheat per hour is 31,000 lbs. raised one foot per minute, and the best 
' velocity for the circumference of a millstone is twenty-three feet per second; and with this 
velocity a pair of five feet stones will grind from four to five bushels per hour, accord- 
ing to their condition and the state of the grain : the double expansive engine should be 
used for this kind of work, and when working to the best advantage with low pressure 
steam, it should grind fourteen bushels of wheat for each bushel of coals, and the average 
should be eleven bushels and a half for one bushel of coals. J The same species of engine 
with strong steam will of course do more work with a given quantity of fuel. (See art. 
419.) 



Of the Application of Steam Power to Carriages. 
590. — The application of a power within a carriage to move it, is a subject that at an 

* The straw advances so that each inch receives three strokes of the l)eaters, and the stroke should be made with a 
velocity of about fifty-five feet per second, or the beater should move at fhe rate of 3300 feet per minute ; these conditions 
being attended to the parts may be, in other respects, arranged as the engineer pleases. 

t If an engine be applied for irrigation it may have the thrashing machine attached when the situation is convenient ; 
but in that case a double engine should be used. 

t For 6-6 pounds per hour is equal to a horse's pof«»er, (art. 419,) and a bushel of coals being thirteen timet this quan- 
tity it is equal to thirteen horses* power per hour; and 31000 : 33000 : : 13 ; 14, nearly. 
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early period engaged the attention of speculative men. Some of their schemes are de- 
scribed by Emerson in his ^^ Mechanics/* and he gives an example of calculation there 
(Ex. 20, p. 194,) which seems to be very little understood. The object of it is to deter- 
mine the power required to move a waggon ; but in fact it simply determines the relation 
of the forces, the power being the same whether it be in the waggon or out of it, provided 
it does not add to the weight of the waggon. But power cannot be gained without adding 
weight ; and in steam carriages the whole mass of the engine, with its boiler, and fuel, and 
water, has to be moved as well as the load ; and in order to keep the engine as simple and 
light as possible, and to avoid the weight of water and complexity of a condensing appa- 
ratus, high pressure steam is always employed. 

The idea of employing steam as a moving power has been considerably ridiculed, and 
sokne of the schemes for applying it not without reason. As far as railways are concerned 
it has however been proved to be applicable, and with as few accidents as in any other of 
the varied application of steam power. ^ 

J591. — ()f the application of steam potoer to railways. The power of steam may 
be applied by means of a fixed engine, or by a moveable one called a steam car- 
riage. 

Fixed engines have been applied only in the case of inclined planes, and no peculiarity 
is required in the construction of the engines more than is wanted in one for impelling a 
machine. Low pressure engines are generally employed for this purpose ; and they are 
obviously the most safe and economical for the end, unless when there is not a convenient 
supply of water. 

The motion of the engine ought to be equalized by a fly wheel, and it should also be 
provided with a regulating valve. 

To proportion the power of the engine to the effect, the area of the piston in inches, mul- 



* On common roads there are seTeral circumstances lithich prevent the application of steam power. The undulations 
of the road render it neceswiry to provide a power competent to ascend the greatest inclination, and consequently an im- 
mense addition must be made to the weight of the engine, so as to make the engine itself on an ordinary road, consume 
half the power it gen^tes. The resistance of these roads may be reduced by using larger wheeb, as it chiefly arises 
frook the wheels sinking into the road ; and larger wheels afford a greater sorftice without idcreasing the quantity to be 
depressed, while broad wheels give very JittJe if any advantage. See my book on " Rail roads," p. 44. It may be 
proved that no species of feet can be applied that will require less power than plain wheels. An animal is contrived to 
move among obstructions, and when we attempt to copy from the beautiful arrangements of our Creator, we should never 
lose sight of tbeir object. It is their perfect adaptation to the enA, and their accomplishment by the most simple means 
that excites our admiration, and the more we study the fine examples of the application of power which nature affords, the 
more we feel the advantage of knowing the first principles v^icfa detennine the actios of natural forces. ' 
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tiplied by the effective pressure on an inch in pounds, should be equal to the resistance of 
the carriages added to the friction of the rope and the engine. 

If A be the ascending and D the descending load, and q the resistance from friction at 
the axis, and t the angle of inclination. 

Then A ( sin. % + ? ) — D ( sin. i — 5 ) = sin. t(A — D) + 5f(A + D) = the 
resistance of the carriages. 

The weight of the rope or chain and of the moveable parts of the engine being C, its 
friction and the stiffness of the rope may be represented by C S, hence, if d be the diame- 
ter of the piston, and p = the pressure on a circular inch, we have d^ p = sin. t ( A — D ) 
+ 9(A + D>+CS. 

From this the diameter of the cylinder is easily found, and in all cases 

rf 

where R is the radius of the wheels of the carriage, r that of the axles, and y* the friction, 
when the pressure is 1. 
Also 

when X is the diameter of the pulleys, and x that of the axes. When the railway is 
level rf*/? = g, (A+D) + CS, when it is vertical d* p =z A — D + S(A + 
D 4- C. ) 

In these equations the piston of the engine, and the load, are supposed to move at the 
same velocity ; if the carriage move at n times the velocity of the piston, then it will re- 
quire the square of the diameter to be increased n times. 

592. — Steam carriages. The engines of steam carriages are double noncondensing 
engines, of the kind described in (art. 372.) They have generally two cylinders. If the 
mean effective pressure on the piston be /?, the diameter of the cylinders df and v the velo- 
city in feet per minute; and if t be the angle of inclination of the rails of the road, q the 
friction of all the axes, W the weight of the carriages and their loads, V their velocity 
in feet per minute, and £ the weight of the engine ; then V(W + E)(9+ sin. t ) s 
2d* pVj in ascending the inclination : and V(W + E)(9 — ^^^* i) =: 2d* pv^in de- 
scending the inclination* Also 

E('08cos.t-8iD.t) 
q + 8in. t 

so that the engine may not slide in ascending; and 
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E ( '08 COB. t + siD. i ) ^ 

. -— s= W, 

q — sin. 1 

when it will not slide in descending. 
In either case 



^ = 



8R 



9 



when r is the radius of the axle, and R the radius of the wheels. 

The engines should work expansively when moving at the ordinary rate, and upon the 
mean inclination, with the power of working at full pressure on the steeper ascents. See 
Sect. V. (art. 871— 380.) 

The carriage is described in Plate XX ; and for further information see my ^ Treatise on 
Rail Roads.'' 



Q Q 



SECTION X. 



OF 8TEAM NAVIGATION. 



593. — On the value of the application of steam to impel vessels, it has become un. 
necessary to say more than that its employment is extending rapidly at almost every place 
on the globe where the trade is considerable; and that its use is limited only by its yet 
imperfect state. If we had intended to have confined our researches to the mere applica- 
tion of an engine to a vessel already constructedy our labour would have been short, and 
easily completed : but the construction of vessels is a subject which is capable of improve- 
ment ; and while we think there is a power in science to indicate the steps by which it 
may be improved, it is our duty to submit it to the reader. 

The forms of vessels for stability, speed, capacity and strength ; the kinds of vessels for 
different purposes, the resistance, and modes of propulsion; the nature of the engines 
adapted for vessels, the strength of their parts, and the species of fuel, and its management 
to obtain the best effect ; are all objects of importance, and each of these we' propose to 
consider. 

These inquiries are equally applicable to mercantile and to government purposes, but 
there is yet another portion of the subject to which it would be desirable to direct atten- 
tion. 

In the case of war, steam boats will become a means of attack, therefore it ought to be 
considered how far they may become a means of defence, the power of resisting being the 
best guard against a mode of attack, which will deprive us of many of the advantages of 
our insular state. Hence, the construction of g^n boats for the defence of rivers, and of 
river navigation, and harbours, would be a proper subject for inquiry, if our limits did 
not forbid it. 
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Of the Form9 of VeiMAfhir Stability^ Speed, Oqwetfy, amd SirmgtL 

594— *}d coDsadering tbe properties of a Tcesel, the orderly arrangement of oor sob- 

ject requiresi that we shoold treat, Fnt, Of stability, or the power a reaaei has of re&isliBg 

any cbai^ of positioo when in the water ; Secondly, The forms having stability whicfa 

have the least resistance, and are therefore best adapted for speed ; Thirdly, The different 

methods of propelling vessds ; and, Fooithly, The construction for strength. 



Of tke StaMliiy of Ve$9el». 

696.-t«>A perfectly spherical ball floating in a €uid has no stability whatever, ezcepi 
that which arises from the friction of the flnid against its sides^ On the additioa of a 
sniall weight to any point of its surface, that point would immedialely desoend, and be-> 
come t|ie lowest. Such a form would be useless as a vessel. It is obvious however that 
when a weight (i^s b^en added, and become the lowest point, the sphere possesses a degree 
of stability depending on the quantity of weight compared with the we^t of the sphere 
itwlf. Hence, stability may be given by disposing tbe weight of a floating Jbody. 

Stability may also be given by the form of the floating body ; a spheroid for example 
remains in stable equilibrium when its longer axis is horizontal, and a triangular prism 
fosistB diaage of position with considerable eneigy from its peculiar form; so does a thin 
rectangular prism. 

596.— Stability is distinguished by its being longitudinal or lateral; these should be 
separately considered, and when each is tbe greatest possible, their joint eflTect will be a 
maximum. 

597. — For river navigation, tbe mode of obtaining stability does not appear to be of 
much importance, but for a sea vessel it must be obtained, so that the vessel may have 
the least motion possible in consequence of the action of the disturbii^ forces ; hence, 
it is necessary to consider that tbe sea is not a level surface at rest, and that at the 
time when stability is most important to a vessel, tbe greatest degree of unevenness 
occurs. 

' 596« — Longitudinal $tabilitg. A vessel at rest would be least disturbed by the 
motion of the sea, if its surfaces at tbe water line were vertical ones ; -and the fore and 
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aft parts of the same figure; but in motion it is an adi^antage that the parts should 
spread above water, both fore and aft, to prevent the vessel burying its head in the wave, 
or dropping behind as the wave leaves it. The quantity of motion is not increased by 
this construction, provided the parts produce similar effects, and the degree of inclination 
should be proportioned to the velocity the vessel is expected to make. It is also obvious 
that the vessel will be more easy in its longitudinal motions, the more gradually it termi- 
nates at its extremities. If the vessel be inclined by the action of a lateral force, the longi* 
tudinal motions will be more easy in proportion as the cross section approaches to that of 
a solid of revolution. 

599. — Lateral stability. The inequality of the surface of the sea will alone produce 
considerable lateral motion, if the sides be not sensibly vertical, hence, in sea vessels 
lateral stability should not be obtained by form at the surface of the water. The 
next important point is that the stability should be equal throughout the length. 

To render it easier to manage the inquiry, we may consider the vessel to be a homoge- 
neous mass of matter, of the same density as water, with vertical or circular surfaces at 
the water lines when at rest; and that it is of a parabolic form, having the equation /i x s 
y ", taking the two cases when the ordinate y is the half breadth, and when it is the 
depth : for these cases enable us to contrast very opposite forms. 

600. — ^The ordinates being parallel to the depth, we have y x {lb — x + y sin. i ) 

— yit'(f& — X — y sin. t ) ^ ^^^ difference of the moments of the parabolic parts, when t is 
the angle the body makes with its position, when B D, (Fig. 3, Plate XVI.) coincides with 
Che water line = 



• • 



ny* a: sin. t 

2 + n ' 

and the difference between this quantity and the moment of twice the area of the triangle 
B C 6 is the stability. But 

2 6' sin. i h^ sin. t 



8x3 12 

the moment of the triangles ; hence. 



V 2 + n / 



h sin. 1 •• , ^ 6 ft £1^ 
"12" 



the stability. 
The capacity is 

nh d 
1 + n 



^ 
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601. — ^If the negative quantity be less than ft* the body has no stability, hence, we see 
thitt a certain relation mast hold between the breadth and depth to render a vessel stable ; 
and substitating for d *, we have 

h^ sin. i 



12 



(— r->v 
6 n p h I 



602.— If the form be a triangle, then n = 1, and putting S = the stability, and A = 
the area, we have 

isin.t . ^ . . ^ h d 

-j^ ( fc« - 2 rf« ) =x 8, and — = A. 

003. — ^If the form be a common parabola, then it = 2, and 

6sin.t .. «,.v « ,2hd 
__(fct_3rf.)^S^and — = A. 

604. — If the form be a cubic parabola, then it = 3, and 

6 sin t , . ^ ^ , ^ ^ , 3 6 if 
__ ( 6 • — 3-6 i/ » ) = S, and — ^ = A. 

605.— If the form be a parabola where p x z=: y^^ tm Fig. 3, Plate XVI. then 

b sin. ».,. ^«jx r. . 6 b d , 
-— — ( fc • - 4-3 i/ • ) = S, and — g— = A. 

606. — The stability and capacity both increase as the ordinate of the parabola be- 
comes of a higher power, but a greater breadth is necessary in proportion to the depth, 
to give stability. 

607. — When the ordinates are parallel to the breadth, 

•/' _./j \ ' ' ' \ '/' /J X- •'X 2yif»«sin. » 

y^^y + (d-JT) sm. t J — yx^y - (d-jr)8in. t J = _;?_____; 

and 

h » sin, t 2 y d* n sin. i ^ b sin, t / . , __ 12 ft d* \ ^ 

12 n» +lfn^'2 "" "15" V ' n' +dfi+2 ) " 

the stability. The capacity is 

n b d 

a» before ; and in the case of the triangle we have the same result. 
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fiX)6,-<-rBiit if t|i6 jform be ^ eomnesi poralnilA; or it a 3» then 

b sin. t, ^.. ^ . 2 b d 

—— ( 6 • — 2 d • ) = S, and '^-^^ A. 

609.— <If the form of the parabola be /i x =s y% as in Fig. 4t Plate XVI. then 

b sin. t^.. ,^«.v ^ ,56d . 
_-_( 6 • - 1-43 d » ) = S, and —^ = A. 

610. — This species of figure may be easily traced through all the varieties of form, 
and it hns obviously a decided advantage in point of stability, and it is so easy to compute 
its capacity and to describe it by ordinates, that it is much to be preferred to the elliptical 
figfures which foreign writers have chosen for calculation.* The breadth should be every 
where in the same ratio to the depth, to render the stability equal throughout the length, 
or so that the vessel will undergo no strain from change of position.f 



Of the Resistance qf Vessels. 

611. — The resistance of a vessel moving in a fluid increases from the commencement 
of the motion, till it be equal to the moving force, and then the motion becomes uniform. 
It is the resistance at this uniform motion only which we have to consider. 

In order to assist in the first steps of the inquiry, let us confine ourselves to a prismatic 
vessel with flat ends, moving in the direction of its length. 

612. — The resistance of such a prism would be nearly equal to the head of water, 
which would give the water in a canal of the same length, and one and a half times the 
section of the immersed part of the prism, the same velocity as the prism. 

For let A B be that bead, then the resistance to efflux at D, must be equal to the re» 
sistance to motion at C, the section being the same ; otherwise, the motion would accele^ 
rate. But the fluid will rise at C, and fall at D> till the diflference be equal to the head 



* For a mode of describing curves of this kind, see my '< Principles of Carpentry/' Sect. I. art. 58. 
t For other methods see Bossut's Hydrodynamiqne, Tom. I. chap. XIII. et XIV; or Poisson's Traits de Mecn- 
nique, Tom. II. p. 389. 
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due to the velocity of the boat ; and the efflux at V, must both supply a roid with fluid 
equiraleiit to the relocity of the boat, and supply r reststance equal to the head pressure. 
This will be the case when two-thirds of A B is the head correspoading to tbe velocity. 
HMce, ff V = fhe velocity, A E = A, and B E » x s the head equivalent to the friction, 

'^^-''■. 

where 64, neglecting a small fraction, is tbe proper coefficient for the motion of a 4uid 
when free from fHction or cohesion ; consequently, 



613.— Now if c be the perimeter of the section in contact with the fluid, and a its 
area, / tbe length of the vessel, and F the friction when the surface is 1, we have 
lo Fg* _ 

The befed equal to. the friction being as the square of the velocity directly, and the area 
inv^fMly, and the frictiou being as the surface of the fluid put in motimi, or rubbing the 
surface of the vessel. 

These two values of x must therefore be equal, jience 
l-5o' le¥ v* 



64 



or the whole bead. 



But the r«^istaiice being usually estimated in pounds we have for sea water, 64 A a a 
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tbat resistance, s='v* (!•& a -r / c F ) == R, the resisting force ; and the power required 
is as the force and velocity s v' ( 1*5 a + / c F ) = the pounds raised one foot per se^ 
condy when F is in pounds. 

614 — ^For fresh water put 1*45 in th^ place of 1*6, but the correction is not necessary 
in practice. The coefficient F is 0*0032 pounds found from experiment. 

616. — ^If the body have a simple angular prow, and an after body of the same figure, 
and a he the angle the prow forms with the direction of its motion, and e the angle of the 
after part, then the pressure on its surface depends on the velocity of the surface, in a di* 
rection perpendicular to itself. This velocity before is v sin. a; and behind v sin. e; 
being to the velocity of the vessel as the sine is to the radius of the angle; and 
therefore 



V 



*(l±«Bill+JJ±U+ uf)=r. 



The effect of this head in the direction of the motion of the vessel, is as the sine of a 
is to the radius at the prow, but the quantity of fluid required to fill the void behind is 
constant for the same angle, hence, 

(2 a sin. ^ a -^ a sin. • « . , ._ \ _ 
^ + / c F ^ = R, 

the resistance ; and 

./2a sin. * a + <* sin. • « . , ^ \ 
r»( 5j +/cF) = 

the power in pounds raised one foot per second. 

This gives the resistance when the vessel is of a wedge shape at both ends, or of any 
regular pyramidal form, a being the angle the slant «ide of the pyramid makes with the 
length; also when the body terminates either in cones or pyramids, the angles being 
those the slant sides form with the length. 

616. — If the section be a triangle, and the ends triangular pyramids, c beii^ the 
angle the side of the triangle forms with the upper suriace, then, if 9 be the product of 
the sin. a, by the sin. c, the resistance will be 

,. ( lll£l+lM+ 00032 ;<} = 

the power in pounds raised one foot per second. 

The resistance of this figure is less than that of any convex curved solid, but its captt* 
city is also small, and its stability depending on the form at the water lines, it will be 
subject to roll at sea. Great capacity cannot be obtained with a minimum of resisU 
ance. 



J 
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617. — If the plan of the water lines be composed of circnlar arcs, tHe bottom flat, and 
the radius be m times the half breadth of the boat, and z be the length of the curved 
part, r = the radius, and d the depth which is uniform ; then 9 x = r ( 4 ^ 2 m — 
v' 2 m — «* ), and 



V 4 ■*■ 3 

•0032 / c V 

+ -T- ) = 

the power in pounds raised one foot per second, required to keep the vessel in motion at 
the velocity t;. 

6I8r — In canal boats m =s j^ s *125, or the radius is four times the breadth, 
and therefore v ' ( *35 b d -¥ '0032 / c ) = the power in pounds raised one foot per 
second. 

If the radius be equal the breadth, then m = *5, and v' ( *74 6 d 4- *0032 / c ) s the 
pQwer in pounds. 

619. — Mr. Sevan made some experiments with a canal boat of the form just de- 
scribed, the results of which he has communicated to me for the purpose of comparing 
theory with practice. 

The length of the boat was 69*57 feet, its width 6*83 feet, its floating depth when tried 
0*89 feet ; the bottom was flat and the sides were parallel to within about 13*75 feet of 
each end, but the ends were curved, the curves being circles described by a radius of 
eight times the half breadth of the boat. The whole surface in contact with the water 
was 540 feet ; and the weight was nine tons and three quarters. Putting these numbers 
in the equation (art. 618,) we have 



t» • ( -89 X 6-83 X '35 -f -0032 x 640 ) as 3*8 i? • 
the resistance. 



E B 



d06 
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(sEcr* X. 



Velocity. 


Ketistaoce 


in pounds. 


1 
Feet per second 


Miles per hour 


Dy experiment. 


By calculation. 


1 

j feet. 


miles. 


lbs- 


lbs. 


1- 






3-8 


1-31 


0-89 


61 


6-50 


198 


1*35 


14* 


14-8 


2'93 


2*00 


28- 


32-5 


3666 


25 




510 


4 30 


292 


56- 


700 



The agreement is sufficiently near for practical purposes, 

620, — ^The area of the bottom being 417 feet, a ton will sink it an inch. The in* 
crease of section by adding a ton to the load is therefore 

6-83 _ 
iu "■ 

*57 feet ; and the increase of surface twelve feet. Adding each ton must therefore increase 
the resistance about 3*2 pounds, at the velocity of two miles and a half per hour; therefore 
the load in tons multiplied by 3*2^ added to 61 pounds for the boat, will give the force 
required to draw it. Thus if the load be twenty tons, the force of traction will be 
20 X 3-2 + 51 = 115 pounds. 

621. — ^The forms used for vessels are generally curved surfaces of double curvature. 
To investigate these we may consider them divided into gores, having their bases at the 
section, and meeting in a point at the water line. A solution on this supposition is fully 
sufficient for practical objects. Let r be the radius of curvature of the gore, and c its 
breadth at the base, a being its distance from the axis. Then the fluxion of the area of 
the section occupied by the gore will be 



C X X 



ex — 



and 



"«(■-:-) H 



2 sin.' a -f sin.* a 



)- 
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Ihe resistance from pressure. By using tb^ approximate equation, 2 r or s iy>, we 
have 



yj 

r 



, and -^ s= sin. a. 



hence, 



»• c 



/ y^ . vjji _ y ^ y y*y \_ 



tbe fluxion of the resistance. Its fluent is 



v^cy 



V5r ' I4r«a 24 r a J 



the direct resistance. Putting y = ^2r x^ and &=:2a:; a;sa 



n 



and correcting by comparison widi particular cases, we have 

C6 / 1617 . . .< 

— ( --= + (H)833 ) + 0032 (/ + *29 6^l + 2nj 1 = 

the resistance in pounds. 

622. — ^Now by taking a radius that will describe an arc nearly agreeing with the 
form, the resistance will be found with tolerable accuracy, even in the most complicated 
foptm; and in cases where the curve is a circle, it will be very near the truth; To render 
il more easy to make such calculations, the following table is added with examples to ex- 
plain its application. • 



/ 










^ / / 



^. //./^ 'V ^//^ (ft/ 0^Mi4 , m4 mfi00^ 




„ ,. T* ^. -"» '^t' f^f ^^ fW 
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37789 _ 
650 "" 

68*7 borsea* power. 

As ten feet per second is six nautical miles per hour, or nearly seven common miles, 
and the power required is as the cube of tbe velocity, it is easily ascertained. 



Of the Methods of propelling Steam Vessels. 

624. — Much of tbe advantage of steam power depends on its being commodiously 
and effectively applied to propel vessels. A sligbt review of tbese metbods will tbere- 
ibre enable ns to judge wbether or not tbe most effective and commodious bave been 
resorted to. 

Tbe first and most simple and ancient method of applying a power witbin a vessel to 
move it, is by means of oars, and the mode of combining them appears to bave been car- 
ried to a considerable deg^ree of perfection. Oars, however, are not at all adapted to move 
a large vessel, they occupy too mucb space« and would require too complicated a system 
of macbmery to move them. Second, Next in shnplicity, and perhaps also next in time, 
is tbe method of putting a wheel like a water wheel, with paddle boards on each side 
of the vessel. This mode is now almost universally followed. Third, An ingenious com« 
bination of parts has been proposed to be constantly under water, and to fold up into a 
small space when they are moved forward, and spread when striking backward.. 
Fourth, Inclined planes placed behind the vessel, and moved with an alternating motion. 
Fifth, Daniel Bernoulli's method proposed in 1762, consisting of planes immersed in the 
water, parallel to the sides of the vessel, which, turning in a collar, were to be moved in 
a plane, perpendicular to tbe keel. Sixth, A screw, resembling the water screw, working 
in a cylinder entirely immersed in tbe water.* Seventh, Or two spirals or screws to work 
in opposite directions without a cylinder.f And, lastly, A pumjp to raise and propel water out 



* It wu proposed by Mr. Scott of Ormitton. Dr. Thomson's Annals of Philosophy, Vol. XI. p. 488. 

t This mtthod was ptrtially tried by Mr. Whytock, (Brewster's Philooophical Jottmal, Vol. II. p. 39,) and is alluded 
to by Col. Beanfoy, who states it to ha?e been brought from China ; and he attended to see an experiment on av considerable 
scale, made in Greenland Dock by Mr. Lyttleton. This gentleman had fixed to the stem-post of a Virginia pilot boat; a 
frame containing a large copper spiral, which, by a winch turned by two or more men, gave it a rotary motion ; the efiect 
was much less than expected, for, notwithstanding the boat was completely empty and consideiable exertio&s used, the 
progressife velocity did not exceed the rate of two miles per houe.' 
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behind the vessel ; this mode was proposed by Bernoulliy and afterwards by Mr. 
Linaker.* These with numberless variations, the gpreater part of which are obviously 
inferior to the methods in their simple form, have been proposed. Some of the best we 
propose to notice. Oar selection must however be limited, because it must be confined 
to those which afford sufficient power m a convenient manner, and without being liable to 
injury by the violence of the waves, or to get out of order. 

625. — ^The species may be divided into two classes, viz. 1, Those in which the action 
is continuous or nearly so ; 2. Those which act at intervals. To the first class belong 
the second, sixth, and seventh methods.* To the secon^jl the first, third, fourth, fifth, and 
eighth. ' 

Since when the action is continuous, the area of the surfaces in action, multiplied by 
their resistance, must be equal to the area of. the vessel, by the vessel's resistance when 
reduced to the same direction, it is obvious that all those which act at intervals only, 
must require to be of greater area than tho^ which act continually. Hence, unless there 
be some other manifest advantage, this circumstance alone must determine us to reject 
all except the first class, and of this to take only the second, sixth, and seventli methods. 
Most of the others woujd require complicated action, and be inconvenient in practice. 
The first class also reduces to two, for the two opposite water screws without a cylinder 
give about the same effect as one with a cylinder, and this method though it has not been 
i)sed, deserves attention from the circumstances of its being capable of acting wholly 
below the surface of the water, and in a direction parallel to the motion of the vessel, and 
only so far above the centre of resistance as is deemed necessary to stability. I can easily 
conceive that the trial of an experiment may be the means of condemning a very useful 
principle, merely through inattention to the proportions and mode of action. 



Of the spiral Propeller or Waier Screto. 

626. — ^The acting portion is a spiral surface projecting from a cylindrical axis; and 
in order that it may be at all effective, each point in the surface must revolve so rapidly 
that the motion of that point in the direction of the axis must be greater than that of 
the vessel. Also if the angle of the spiral to the axis be constant, it is obvious that by 



* Buchanan on PropettiBg Vaanli by Sttam, pt 40. 



J 



SECT. X«] 



OP STEAM NAVIGATION. 



311 



having more than one reyolntion, the rest add Jittle to the eflTect, perhaps not equivalent 
to the additi6nal friction. 

Let B A C s= Oy be the angle which the screw forms with a line A 6 perpendicular to 
its axis; then during the time the boat would move from C to B, a point in the surface 




must move from B to A, otherwise it would retard the boat : and in order tliat it may be 
cflSiictive, it must move at some greater velocity. But the velocity of the boat, v, is to that 
of a point in the surface when no efiect is produced, as B C : A B : : v : 






tan.a 



Hence the actual effective velocity must be 



V- 



V tan. a — © 



tan. a 



tan.a 



Let s be the variable radius of the cylinder, then 



2 p X 
COS. a 



the length of the spiral, and 



2pxx 
cos. a 



tlie) fluxion of its area. .Us< resistance is 



p ( V tan, g — r ) * ( 2^am. a^ 4- sin. a*)x x 

cos. a tan. * a 

when the vessel is at rest ; and when it is in motion it increases in the ratio 
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y tan. a — o 



tan. a 



IV'y 



hence, p r (V tan. a — t?) (2 sin.* a + sin. a) jr jr = the fluxion. The fluent is 
ipvx* (V tan. a — v) (2sin.* a + sin. a) = the resistance. 

This resistance is to the effect to impel the boat, as the radius is to the tan a ; henc6> 
4j9ar*r (Vtan. a — r)*(2sin. a* + sin. a) tan. a = the force, and 4|> :r* t?» (V tan. 
a — V ) ( 2 sin.* a + sin. a ) tan. a = the effect, which should be equal to the resist- 
ance of the vessel. 

It is a maximum when t?* ( V tun. a — v ) s a max : that is when 



V ^ ^^ 



2 tan. a' 



Hence, the effbcf at the maximum iaip x* v^ (2 sin.* a + sin. a ) tan. a. But the power 
to produce it must be 

3pa^v^{ 2sin,« a+sin. a ) 

8 ' 

its velocity being V. Consequently, when tan. a = 1, the power is to the effect as 3 is to 
2, as in the ordinary paddle wheel, but if tan. a = 1'5 the power and effect are equal ; od 
the contrary if tan. a = *6, or the angle CAB about 26P and a half, the power is to the 
effect as 3 : 1. 

Now a little more than one revolution of the. spiral would produce this effect, and 
a second revolution at the same angle could have very little action, because the water 
would have acquired all the velocity the spiral could communicate. If it be continued 
it should therefore be made with a decreasing angle. 

627. — In practice the size corresponding to these effects is every thing; our next 
object must therefore be to ascertain it. Taking an angle of 60^ for the angle CAB, then 
tan. a = 1*732, and sin. a = *866. The effect is in this case 

1.730 

— — px* [2x -see* -h -866 ) 53 0-73 p x* ; 

but p X* is the area of the end of the cylinder, therefore each foot of surface of the 
end of the cylinder will act with a force of 0*73 pounds for one foot per second. The 
length of the cylinder would he2px tan. a = 10*8 times its radius, or 5*4 time» its dia- 
meter. The power required for this effect is 

3px' ( 2 X *866« + ^66) 

8 "^ 
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*887 p x*9 or 0*887 pounds for each foot of area of the end of the cylinder, for one foot 
per second. 

When a = 40°, the effective force is only 0*4368 pounds per foot, and the power to 
each foot must be *64 pounds. The power therefore decreases nearly in the same ratio 
as the length. 

These calculations are sufficient to shew that this method may be used with consider- 
able advantage, the action being under water, and the projection from the side not so 
great as paddle wheels ; while the smoothness, and the uniformity of the motion are cir- 
cumstances much in its favour. On the other hand, the mode of communicating motion 
and the resistance the parts will offer that are applied for that purpose, are objections ; 
for the present, I shall therefore content myself with recommending it to the notice of my 
readers. 



Paddle Wheels. 

628. — ^The next inquiry is to ascertain the effect of paddle wheels. Of these the 
•ommonest species are plain boards, called paddle boards, fixed to the arms of a wheel ; 
these arms are as thin as is consistent with strength, and are connected by one or more thin 
iron rings to act as braces in giving them firmness ; they are sometimes made to slide on 
the arms, so as to reduce or increase the depth of immersion in the water, according as the 
vessel is more or less laden. 

629. — To determine their power, let V be the velocity of the exterior portion of the 
wheel, and r its radius ; then the velocity at any distance r — .r from the centre is 

r 

hence, if v be the velocity of the boat, 

the resistance to one square foot of the paddle, and which is equivalent to the force to move 
the boat, or 

1»5 (Vr— x) — rp}* 

t ^ 

the force, 

s s 
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But while the pftddl« ac|g on the water the vessel moves forward, and the water recedes 
only at the rate of the difference between the velocity of the wheel and that of the vessel; 
iKnoe, the quantity of water put in motioii is greater as the velocity of the vessel is greater 
than the excess of the velocity of the paddle. Therefore, 

V(r-ar)-ri; 15 ( V(r-a:)-.r©)« ■ ^ (V(r-x)-.r«) 

r r« r * 

and making b as the breadth of the paddle, 

V6v' (Y r -^y X ^rv)bi 

r 

the fluxion of the effective power. 
The fluent is 

1-5 P' fe ( Vr X — { V ar« ^ rvx) 

r ' 

and w^en the depth of the paddle is cl> it is 

1-5 V' bd (Vr — iVJ-rr) 

r 

the direct power, which must be equal to the resistance of the vessel. The loss by 

oblique action has to be estimated before the power of the engine can be found, but 

previously we may proceed to determine the best velocity for the wheels in still 

water. 

690.— ^Let the equation be freed of all its constant multipliers, except those relating to 

or connected with its velocities ; then it isv'(Vr-— ^Yci — r v); and making v va^ 

• • • 

riable, its fluxion i8 2Vrvv — Y d v v — 3rw*t? = 0; from whence we have 

V 3rt? . V(2r - d ) 

The excess of the velocity of the outer point of the paddle therefore depends in part 
on its depth compared with the radius, the greater the depth the less excess is neces- 
sary. 

631. — If this value of Y be inserted in the equation for the area of the paddles, then 
*75 v^ b d =s effect of the paddles, which must be equal to the resistance of the vessel ; 
and the comparison is easily made by means of the equations for the resistance of vessels, 
(art. 622.) The power required to produce the effect is. 
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3 r fi-t5r v* b d 

(•75 ts6d)='^'^ ^ 
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2r — d 



2 r - rf 



A somewhat greater power is required, because there is also a loss by oblique action, 
and this will be expressed with accuracy enough for the object by multiplying the 
power by 

r 2 r - f rf 
^ 2 r — d ' 

when r is the radius C B, and d the depth of the float boards D B. For the centre of 



Fig. 27. 




gravity, a of the immersed part A B D, may be considered the actual powt where the 
whole force acts, instead of being distributed over the segment; and its mean direction 
will be E F, which is perpendicular to the line A C, drawn from the centre of the wheel 
through the centre of gravity : and the direction of this line will determine the loss by 
oblique action, for the power is to the efiect as A H : A D, and is nearly given by th^ 
multiplier above. 

An example will give a clearer idea of its effect. Let the radius of the wheel be eight 
feet, and the depth of the paddles two feet, then 



^ 16 ^ 2 "" ' ^^' 
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nearly. Hence, as it will not exceed one-fortieth part of the whole, it may be neglected. 
The mean direction of the action is of gpreater importance to the motion, than the low of 
power. 

632.— We have supposed the paddles to be of the same breadth every where, but 
this may not be the best form, and therefore let 

o" : 6 : : x* : — ; — = 

the breadth at any point x, which substituted for b we have 

l'5r*6(Vr^Vx — rt>)j* jr _ 

r d» "" 

the fluxion of the power. Its fluent is 

n+l 114-2 n-fl 

1*5 g» 6 • V r a: Vx rvx \ 

rd \ « + 1 It + 2 n -f 1 /' 

and when x ^ dfitis 

/ r(V-p) _ V d V 
V n + 1 n -f 2 /• 

If n = 0, the form of the paddle is a rectangle with the same result as before. 
633. — If it be a triangle, n = 1, and the result is less than for the rectangle, the velo- 
city and area being the same. 

634. — ^If M = 1 the form is parabolic and the result is 

l'5p»6d(10r(V -p)-6Vd) 

15r 

There we obviously gain advantage, by getting an equal resistance with less breadth, 
and by this form the resistance to the paddle is least when it strikes the water obliquely 
as at A, and increases as its action becomes more direct. The velocity for the maximum 



1-5 V bd 
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effect is to the velocity of the vessel, as 



3r:2r— 1-2 (/::©:¥ = 



3 rv 



2r— V2d; 



which is less than for square paddies; if this value of V be inserted in the equations 
we have 

1-5 v^bd 



the power of the paddles when they are of a parabolic form, with the depth cf, and 
breadth b. 

If the form of the exterior edge be more rounded than the vertex of the common 
parabola, the effect again decreases. I was led to examine this point, by observing the 
form of those fins of fish which are used for impelling in a similar manner. The lines 
A D E F, shew the size of a square paddle capable of producing the same effect. It 
strikes the water at once with its whole breadth, as at G. The parabolic one strikes a 
little sooner, and gradually acquires its full hold of the water. 

635. — The best position for the paddles appears to be in a plane, passing through the 
axis, as represented in the figure ; if they be in a plane which does not coincide with the 
axis, they must either strike more obliquely on the fluid on entering, or lift a consider- 
able quantity in quitting it. 

In the direction of the breadth of the paddle, it is evident the form should be such that 
the resistance to its motion should be the [greatest possible, and the pressure behind it the 
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least possible. These conditions appear to be falfilled in a high d^jee, by making it a 
plane in this direction also. A flat curve has been used, the concave surface to strike 
the fluid, and perhaps with a very small increase of power. To set the paddles at any 
other than a right angle, must obviously be a defect ; for the resistance to motion becomes 
less when the surface strikes the water obliquely, whereas the greater this resistance, the 
greater the eflTect in impelling the vessel. 

636.-^It is desirable that the action of the paddles should be as equable and conti- 
nuous as pottsible. But in attempting to render the action of the paddles equable, their 
number ought not to be increased more than can be avoided, because the construction is 
more expeMJi^ ud the time far the water to flow between them so as to aflTord a proper 
quantity of r e acti o n k lediiced; neither do they clear themselves so well in quitting the 
water. If we suppose A E to be the line the water would assume when at rest, the most 
favourable arrangement with the smallest number of paddles, appears to be to make 



Fig. 29. 




a paddle at A, just enterii^, when one at B is in a vertical position, and the one £ qutttieg 
the water ; if a smaller number were employed, there would be a short interval, duriag 
which none of the paddles would be in full action. A still more equable action will be 
obtained by dividii^ the inunersed arc into three; beyond this I do not think the advan- 
tage will be worth the extra expense, therefore I propose to give general equations, for 
any proportion, and particular rules for three to be immersed. 

SSJ* — To determine the radtns of the wheel or the depth of the jMiddles, when the 
number of the paddles is given, becomes an easy problem, when, the pnceding conditions 
are to be adhered to. For, put B C the radius ^r^x=: the depth B D of the paddles, 
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n their number, and a the number of parts into which the immersed arc is divided. 
Then 

gl80Q _ 
n 

the angle A C B, corresponding to half the immersed arc, and 

r COB. ■ ss C D» 
n . 

the cosine of the angle being the depth from the centre of the wheel to the 8\;rface of 
the water ; and 



a 180 / a 180 

r COS. = r — x; or r 

n 



(1 — €08. j ai * sx B a. 



the depth of the paddles. 
And 



1 — COS. a 180 



r= BC, 



n 
the radius of the wheel. 

From these equations we have the following rules for the case when three paddles are 
immersed. 

638. — ^RuLE I. To find the radius of the wheel, when the number and depth of the 
paddles are given. Divide 640 by the number of paddles, which will give the degrees 
in the angle contained by half the inmiersed arc. From unity subtract the natural cosine 
of this angle, and the depth oi ^he paddles divided by the remainder will give the radius 
of the wheel. 

*Or the radius of the wheel multiplied by the remainder will give the depth of the 
paddles. 

639.— -Rule II. To find the number of paddles, when the radius of the wLeel and 
the depth of the paddles are given. Divide the depth of the paddles in feet, by the 
radius of the wheel in feet, and subtract the quotient from one. Find the angle corres- 
ponding to the remainder as a cosine, and 540 divided by the degrees in that angle, is 
the number of paddles required. 

If the radius of the wheel be eight feet, and the depth of the paddles two feet| 
then 

—1- = 

*75, which is the cosine of the angle 4P 4% and 
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540 



41*4 



13 for the number of paddles. 

640, — ^The size of the wheels depends chiefly on the mode of giFinfi^ them motion 
from the engine ; they must be so large as to haire the proper speed at the circumference, 
and where large wheels can be admitted they have some advantages : they must necessa^ 
rily be narrower, and they strike the fluid in a fovourable direction, and also quit it better ; 
the paddles having more direct action on the water, they splash it about much less; 
the weight of the wheel also renders it more effective, as a regulator of the forces acting 
upon it. On the contrary, there are some strong practical objections to very large 
wheels for sea vessels; they give the momentum of the waves a greater hold on the 
machinery, they are cumbersome and ui^ightly, and they raise the point of action too 
high above the water line. 

641. — When the wheels are on the first motion, the radius is determined by the velo- 
city of the engine. Let that velocity be n strokes per minute, then 3*1416 x 2 r = the 
circumference of the wheel ; r being its radius, and its velocity per minute is 3*1416 x 2rn: 
but this is to the velocity of the boat as 3 is to 2 ;* hence, 

88 X 3 o 21 V 
3-1416 X 2 rn = ^ or = « = 

2 r 

the number of strokes per minute, when v =: the miles per hour. 
Also fixing the number of strokes we have 

21 r _ __ 



n 

the radius of the wheel. 

This therefore reduces to this simple rule. The velocity of the vessel per hour mul- 
tiplied by 21 is equal to the number of strokes per minute, multiplied by the radius of 
the wheel. 

From this exceedingly simple rule it can* be known at once whether the wheel be- 
comes too large or not, when the simple crank motion is used ; but it ought to be used 
in preference to a second motion, in all cases where it does not involve some other diffi- 
culties than merely the size of the wheel. 



* Tliit ratio may be obuined more accurately from art 630. 
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642. — Several methods have been tried or projected for getting rid of certain sup- 
posed defects of the paddle wheels. The quantity of force lost by oblique action has 
been greatly overrated, and roost of the contrivances are directed to remove it either 
vholly or in part. Tlie methods proposed are of two kindu. In one a gradual change of 
position of the paddle is produced by the movement of the wheel ; completely forgetting 
that by loss of the velocity, the decrease of force is as the square, while by variation of 
direction the loss is only in simple proportion. Mr. Oldham, of the Bank of Ireland, pro- 
posed a plan for these revolving paddles, to avoid the defects of the fixed paddles com- 
monly used ; and stales, that the violent action of the paddles of common wheels, in 
striking the water in a rough sea, is entirely removed by the use of the revolving paddles, 
as they enter and rise out of the water, with a peculiarly soil and easy motion. We can 
only regret that so much case cannot be obtained without a considerable and const^it sa* 
crifice of power. 

The other method is to cause the paddles to change at once to a new position 
at two points in the revolution, by means of proper catches and mechanism. This is a 
belter method for cases where the wheels are to work when deeply immersed in water; 
hut such wheels require to be made so very strong and powerful, that there appears to be 
small probability of Ihe machinery keeping in order. 

The plan of making paddles which seems most plausible, is to have a pair of wheels at 
each side of tiie vessel, having two endless chains acting on them, with paddles 6xed on 
these chains. As the chain passes in one direction, the paddle boards are immersed in 
the water, and return in the opposite direction out of the water ; the two wheels around 
which they pass being partially under water. The whole of the impulse given by these 
boards from the lower part of one wheel to the lower part of the other, seems as though 
it would be direct and elTectual ; and it is staled, that so far as the plan has been tried 
on a very stnall scale it has bren successful. It is said however by Buchanan, to have 
been tried on the Duke of Bridgwater's canal, where it did not give satisfaction ; and ihe 
reason not being assigned, we must endeavour to shew whether or not the arrangement 
can have greater etfecl than the common paddle wheel. 

If a wheel have a snflicient number of paddles to force the whole of (he fluid opposed 
to the area of the paddle into motion, it is obvious that any continuation of the line of 
action of the paddles, will be only equivalent to the friction of the stream put in motion 
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by tbeir first action on it : and this efTect is by far too small to be obtained by a cumpU- 
cated arrangement which it would be difficult to render durable; hence, the construction 
is imperfect. 



Of the Strength of Vessels. 

643, — It was not till IHIS that steam vessels were made tu perform regular voyages 
at sea; aud in proportion as they have had experience, the strength of the vessels has 
been increased. A vessel should be considered as one slightly flexible frame, and the 
strength determined so that the greatest possible stress, acting with the rao.>-! disadvantage 
probable, would not derange the natural elasticity of the parts, nor disturb the connec- 
tions. The want of considering the frame as a whole, has often led to weak modeA of 
construction, and improper modes of bracing. A vessel is also to be considered in the 
condition where hydrostatic pressure contributes least to its support. The strains reduce to 
those which would take place in a large hollow beam of which we have to find the neutral 
axis, and then the resisting forces are easily measured.* When the timbers are filled in 
between, it must increase the strength, if it be done in a proper manner ; and this increase 
might perhaps be obtained with less material, and less addition to the weight of the 
vessel, but the advantage of leaving no hollow cavities is of much importance bolb to 
the durability and cleanliness of a vesse!.+ 

644. — In respect to timber, fir has the advantage of lightness, and for straight timbers 
it is stronger than a like weight of oak ; but for curved timbers the harder woods which 
have greater lateral cohesion are better. 



i 



Of the Applicati&H of Sails. 



645, — It is found that sails may be effectively combined with steam power, whenever 
the direction is not within four points of that of the wind. 



■ Sw inj " Eiementa'j Principles of Carpsaliy." Sett. 
t See PhiU. TiMHiciiom for 1820. 



1 3-. and " Tresiise on ihe Strengtb of Iiw,*' 
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But wben tbe force of the ^ind becomes considerable, and the sea rough, the wheels 
often revolve without touching the water in the hollows of the waves, and acquire a great 
increase of velocity, to be reduced as soon as they meet the wave ag^iu to less than tbe 
ordinary speed. To lessen the abruptness of these changes it is necessary to diminish the 
supply of steam, and consequently the power of the engine. 

646, — It appears to be impossible to apply so much sail as to give a steam vessel the 
advantage of being used as an effective sailing vessel, iu the event of the engines or 
coals failing. The proper object of sails in a steam vessel is to save fuel when the wind 
can be of service," and to do this with economy, the engines should work expansively, 
(see art. 419 ;) hence, the arrangement of the engine should be such as would answer to 
work at full pressure in a calm. This condition enables us to fix the power of the engine 
liy the rate for still water; and if the vessel has sails sutlicient to maintain the speed 
with about half the power of the engines, when the wind is fair, it will be as much as can 
be usefully employed. The greatest attention should be given to keep the centre of 
effort on the sails as low as possible, and to arrange them so that the angle of the vessel's 
inclination may be inconsiderable, that the wheels may not dip unequally. 

647. — The average speed in still water beyond which it does not seem to be desir- 
able to go, is ten feet per second; that is, seven common miles, or six nautical miles per 
hour: and at this velocity, when the wind is as powerful as it is prudent to carry all the 
canvas, ihe direct effect will be only one horse's power for each thirty-two yards su- 
perficial .t 

648. — A fair wind also contributes to the motion of a vessel, by giving motion to the 
sea itself; a head wind opposes its motion, and a current has a similar effect. If v be 
the velocity a vessel is impelled at in stdl water by the power P, and the velocity of the 
current be + w v, using the upper sign when it is with the vessel, then v' -. P : : v 
{v ± u vy : P (I + ny ; that is, P ( 1 + n )' = the power the boat will require. 



be used in addition to tl,i 


i sicam power to gain greater velocity 


; but thi* 


an.i the like, becimc an 


immense exlenl o! canvae aSbids o> 


aly a very 


■iderable lelocilj ; hence. 


economy directs to saving fuel, rather 


lliin in. 



ii not denrable, eicepl for post offic 
imsll povrer nhen Ihe vessel moves 
creaung speed. 

f To find the effect of the ivind in any other direction, and with any olher velocily, let V be tJie voloeily of tiie wind 
in feetptr second, it ^ the angle it makes with the direclion o! ike vessel's motioa, v ^ tbe velocity of the vsuel in feet 
per secood, b ^ the angle a perpendicolv to ihe lurface of the nil makes with the direclioD of the motion of the veiie) ; 
then it i* nearly 

3200 COS. b 



( V COS. ( a + 6 ) - 
ihe jaida of canvas equivalent to a lioise's jiovver = UO pounds i 



me foot per second. 
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If tbe stream be in the direction of tbe vessel's motion, and bftlf its vdocity in Mill | 
water, then n = '5 and P ( 1 — '6 )* = '25 P ; or the veasel will require only oue-fuurth < 
of the power. 

If the vessel move against the stream, the stream being; half its velocity in still water, ' 
then P ( 1 + '5 )» = 2-25 P ; or the vessel will require 2 i times tbe power to preserve 
its velocity. 

64d. — But in asceuding a stream the difTerence must be in tbe velocity, and it is gene- ' 
rally so also in the descent; hence, if v be the velocity of the stream, and m v the velocity 
of the vessel moving in the stream, then 

V' = mv (mv + ti)' ; or v = m (m V ± u )'. 

The value of m is not easily separated in this equation, but by assuming that the force \ 
of the wlieels is invariable, we have v* = ( m r + u )' ; or r ^ u ^ m v. The upper 
sign to be used when the vessel moves with the current. 

Hence, if the velocity in still water be eight miles per hour, and that of the slrfam 
three miles per hour. 

Then down the stream v + u = S + 3 = eleven miles; and up tbe stream v — u = 8 
— 3 = five miles. 

If tbe velocity of the paddles alter, the power will not be constant; and if it do not alter 
this ratio cannot exactly hold. 



Rule for the Power of Boat Engines. 

650, — The power of boat engines may be ascertained thus. Let p be the mean 
pressure un tbe piston in pounds, d its diameter in inches, r its velocity in feet pe^ 
minute, and k = the number of horses equivalent to its power ; then 

33000 



Let the length of the stroke in feet be /, then v = A ^ I, where A is the multiplier 
found by (art. 336 ;) hence, 

tii: = £iiL2I = A or ( 
33000 33000 - "• "'^ \ 



p A ^ t ' 
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In loganthms, log. dts i( log. 83000 + log. h -*- log*p <— log. A — i log, I ). 
For low prenure steam acting at full piaBsare througnout tbe stroke we have A s 109, 
(art 837,) and p as 7*1 (art 416.) Hence, in ibis case the rule becomes 

log. rf = J (log. A + l'e6725e — * log. /). 
Also 

log. A = 2 log. rf + i log. / — 1*667256. 

651.-*If m times the length of the stroke in feet be the diameter in inches, then 

log. rf = 4 (log. A + 1-6672&6 + i log. m.) 

f Tbe most common proportion now used is m = 9, or the length of the four-thirds of tbe 
diameter, hence, 

log. rf = f (log. A + 2:144377 ). 



Example, If tbe resistance be equal to 100 horses' power, with two engines of fifty 
each; 



I. 

I 

r 



the log. 50 = 


1-698970 
2-144377 




3-843847 
2 




5)7-686694 


= \oe. d4-5 = 


1-537339 



Hence, the diameter should be 34*5 inches, and the length of the stroke 34*5 x 4 h- 3 
46 inches. 



Of arranging the Proportion of Power for Vessels. 

652. — If we now proceed through a calculation of the proportions, and a statement 
of tbe conditions to which we ought to attend in arranging the parts of an engine for a 
yessel, it will form the best illustration of the use of the preceding rules. 



.126 



OF STEAM NAVIGATION. 



[SECT. : 



fiS3,— rAe renttajiee of the veseel should be asrertained for the average velocity; | 
now without pretending to fix the best average, I will suppose this to be ten feet per 
second, or seven miles per hour in still water.* Let the length of the parallel part of the 
vessel be seventy-two feet, the mean radius of curvature of the etitls be six hairbreadths, 
the breadth at the midship section 25'7 feet, and the girt of that section in contact with 
waler thirly-eight feet. Tlien the velocity being ten feet per second, we have by the j 
table, (arl. 622.) 



IC )c 38 ( -025 X 25-7 + -0032 ( 72 + J-a5 x 25-7 ) ) = 

lO' X 36'5 = iJ6500 pounds raised one foot per second, or 

36500 H- 650 = 67 horses' power nearly.t 

654. — Now if we were to fix on tie area and velocity of the paddles for this veloci^ 

it would not be possible to work with advantage against either wind or current; besides I 

there is a disadvantage in large paddles at sea, which is greater than the loss by varying 

from the maximum. Hence, I would recommend to arrange the paddles for a velocity 

about one foot per second greater than the average rate. Consequently, (art. 081.) 

11' X -75 X i d = the power of the paddles; and as the resistance is 36500, we have 

36S00 



11' 



= 366 feet. 



the area of the paddle boards. 

Again, suppose the radius of the wheels to be four times the depth of the paddles, 
then by the second equation of (art. 631,) we have 



2?5r X 11' X 6 d 



3 pounds 



raised one foot per second, or 62633 -*- 550 = 114 horses' power very nearly. 

655. — As the vessel requires 114 horses' power, if we have two engines, each will be 
57 horses' power ; and (art. 651,) 



* This will be cquival«nl to a 

t Tha coefficient -0032 (Me i 

Ihe IntproDtmtiit of Kaial Archilf 

VI need that when water ii in mol 



average speeil of nice miles pei hour, where sailing power it lo be nE«] ia additiuti. 
. 614,) ii very likely loo liigh ; it is taken from the eiperinieQls made bj the SocUlg/ur 
are, soil agrees with the more retent eiperimenls of Col. Beaufoy ; bul 1 am quile c«»- 
<n the friclian ii 1es>, only the exacl meaiure remains to be dL'tcrmincd. 



I 



J 



OF STEAM NAVIGATION. 



log. 57 = 



log. diameter = 



or the diameter equal 36-32 inches ; the length of the stroke four-thirds of the diameter, or 
48-43 inches ; and consequently (art. 336,) the number of strokes per minute will be 25i ; 
hence, by (art. 641,) corrected for the depth of the paddle,* we have, when the velocity 
is eleven feet per second, or 7'5 miles per hour. 



■25.5 ' 



25-5 




5) 7-800504 



1-560101 



= 71 feet 



for the radius of the wheels; and dividing it by 4 gives the depth of the paddles 1'8 
feet. But in order to reduce the breadth of the wheel, it is better that they be made two 
feet, and the radius of the wheel 7"3 feet; the paddles will then be 2 feel, x 9'2 feet 
for each wheel, making an area of 36"8 feel for buth, or the breadth of the wheel 9*2 
feel.t 

The other proportions of the engines will be found by the general rule, (art. 415,) 
except thai a somewhat smaller quantity of water produces the steam, owing to its being 
of a higher temperature, (see art. 90;) but it is only about two per cent less, and the fuel 



' For vihen Ilia deiilii is oiie-fouOh of llie radius 

V = ; 



■~d~ 7 ' 

3 V 



+ The proporlioos of tlie vessel in Ihis case are as nearly thoK of thM clllcd the Jamci Wall, as 1 could aKtrlain them ; 
■Dd in Uie tables which foUov, the beat tDforoiBtion I could procure respecliag that vesiel u given in order to compaK 
the calculated with the reported effect \ but tbe velocity in itiU water ii a v«ry questianable ilatemeDt ; moil likely it wgs 
the leloeiiy in a rioer wbere Ihst of the current wu not deducted. 
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required in not aensibly altered ; there is also a slight advantage by the force of the steam 
being less in the condenser than when pure water is used. (See table, art. 94.) Hence, 
(he cistern of water to contain the condenser is omitted without \oss. The engines should 
be prepared to work expansively, lo be adjusted by hand, (see art. 419 and 481 ;) '■■■d 
the strength of the parts will be found by (art. 496 — 527 ;) the management of the water 
is treated of in (art. 565,) and the parallel motion (art. 488 — 496.) 

656. — I think it would be desirable to try the effect of giving a considerable degree 
of elasticity to the arms of the paddles, and to form the boards in the manner shewn in 
Fig. "28, page 307, The wheels of vessels appear to be kept too forward, so as lo keep 
the fore part of the vessel constantly heaving upwards; and such an action is unfavourable. 
A vessel should bear firmly in the direction of its motion to move well ; and that this re- 
mark is true in practice as well as theory, may be inferred from the fact that, in the pre- 
sent construction, they find an advantage in using the sails to steady, and determine the 
direction of the vessel's motion. In vessels for towing,* this may be adopteJ with still 
greater advantage; and in both cas6s the proper place for the wheels appears lo be be- 
hind the centre of gravity of the vessel. The construction of the boiler is shewn in Plate 
XVII, and of the engine in Plate XVIll. and XIX. 

The following tables are collected chiefly from the evidence printed in the Reports 
on the Holyhead steam packets, by (he committee appointed by the House of Com- 
mons ; and will afford a meanR of comparing the practice of different raanufiicturers. 
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The average coDeumption of coals is that required when the eng;ine is iii full action, and 
including all delays, waste, &c. ; and is to he understood as that which multiplied by the \ 
hours it requires for the average passage, would give the quantity consumed for each i 
passage ; and the store ought evidently to be for the longest passage. la the best engines ' 
(of this time) it will be found to vary from twelve to sixteen pounds of Newcastle I 
coals per hour for each nominal horse power, and in inferior engines it may extend I 
to twenty pounds. 

Wbeii the consumption is stated at less than it amounts to at twelve pounds per hour 
for each nominal horse power, it may he fairly esteemed an experimental trial ; and of 
course the fires are more carefully attended, with every precaution to prevent waste and 
give effect. The last column of Table III will nearly give the fuel required per hour if 
the nominal power be taken in the first column, (art. 664,) when applied to steam boats. 

The velocity of sea vessels appears to average abont ten miles per hour; their power to 
face a wind is inconsiderable, because the wind gives the surface of the water so much i 
velocity that the paddles act with less force in proportion as the velocity of the water ap- j 
proaches to the difference between the velocity of the paddles and that of the vessel; and 
when these are equal the boat will commence moving backward ; and it is also with much 
reason supposed that the action of the wind itself tends greatly to retard a vessel's motion 
when it is directly opposed to it : for if a vessel of one hundred horses' power has a sur- 
face of sixty yards above water,* and the velocity of the wiud be fifty feet per second (ia. J 
which vessels are under their courses) then by the equation (art, 647, note) 
2500 X 60 _ 
3200 " 

47 horses* power for the resistance offered to motion when the vessel is st rest ; and as 
with whatever velocity the vessel moves against the wind, this velocity should be added 
to that of the wind, the plus sign being the proper one, in the equation for tbis case it 
will appear that the power to move forward is extremely limited with so much surface 
above water. 

The only vessels in the table (art. 657,) which have dimensions to enable us to approxi- 
mate to their speed are the Lightning, and the Dee ; and, notwithstanding the great quantify 
of power to he placed in the Dee, I expect that its velocity in still water will be one- i 
eighteenth less than that of the Lightning in similar circumstances; and it would require ■ 
the engines of the Dee to be 230 horses' nominal power to render them of equal speed. 
The Dee spreads above water at an angle of about fifty degrees with the water line, to a 
width of about five feet on each side, in the same manner as in boats for the accominoda- 
tioa of passengers. 

* This II estimated from a vessel in use, and esteemed. 
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160. — Much has been said respecting American steam vesselti, and these veraels as Tar 
lelleat workmanship, neatness uf fitting' up, and convenieoce is concerned, do appear 
to be superior to our own. Their best engines however seem to be not more than equal to the 
British ones, if so good, as many of the reports respecting tbem carry internal evidence of 
their inaccuracy. The best I have met with is that of the sleam vessel called the Chan- 
cellor Livingston, constructed by Mr. Fulton for the Hudson River, from New York to 
Albany. It is one of their lai^^t vessels ; the keel is 154 feet long; deck 165; breadth 
thirty-two feet ; draught of waler about seven feet three inches, and burden 520 tons ; the 
principal cabin fifty-four feet long, seven high ; ladies' cabin, above the other, thirty-six feet 
long, with closets; the forward cabin thirty feet long, and seven high. The number of 
sleep ing-berths, in the principal cabin, is thirty^igfat ; in the ladies' ci'bin twenty-four ; in 
the fore cabin, fifty^ix ; in the captain's cabin on deck two ; in the engineers', and pilot's 
three ; in the forecastle six ; and for fire-men, cooks, &c. six j being a total of 135, The 
engine is of seventy-five horses' power; the diameter of cylinder forty inches, length of 
stroke five feet ; the boiler is twenty-eight feet long, twelve broad, with two funnels ; the 
paddle wheels seventeen feet diameter ; paddle boards five feet ten inches long ; they have 
two fly-wheels, each fourteen feet diameter, connected by pinions to the crank shaft. The 
machinery rises four feet and a half above the deck. Average rate of sailing i.« said to be 
eight and a half to eight and three quarter miles an hour. With a strong wind and tide 
in her favour she has nmde twelve, but with wind and tide against her not more than six 
miles per hour. As for low pressure steam the engine is estimated at the greatest power 
of the cylinder, it has been imagined that the vessel is moved by less power than the 
British vessels of equal magnitude. 

The following arises out of erroneous methods of measuring vessels to register their 
tonnage. 



To ascertain the Register Tonnage of a Steam Vessel. 



fiSl, — The breadth is to be taken at the broadest part of the vessel, whether it be 
above or below the main wales, and is to be from the outside to outside of the plank the 
length is to be the horizontal distance between (he back of the main stern post and the lore 
part of the main stem, under (he bowsprit ; and calling this length /, the breadth b, and r = 
the length of the engine room, the rule is 



C 



' ^ the tonnage.* 



* Sect. d9ih Geo. IlJ.cap.S. 
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Example. If the breadth be thirty-two feet, the length 162 feet, and the length of the 
engine room forty-seven feet, 

( 162 — 47 - 19-2 )^ = 520 tons. 

The register tonnage is the same whether the draught of water be seven feet or four- 
teen feet ; and it is the ■ same whatever may be the form of the vessel : now it is an un- 
pleasant task for an Englishman to mark as fallacious the modes of measuring the capa- 
city of vessels adopted by his Government, but it is necessary for the purposes of science 
not only that it should be pointed out, but that the error should be corrected* 



^^^^^^^BH 


TABLES. ^^^^^^^B 


662.— Table I. Of the Properties of the Steam of Water of different Degrees of Elastic Force. '^M 
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shew how much less : the sixth column is calculated by (art. 89,) the seventh by (art. 121,) and . ^H 


from it the eig;hth andnintb: the tenth column is calculated by the equation in the note to ^^| 


(art. 136,) with the allowance for contraction of the aperture ; and the last column is obtained in ^^^ 


the manner shewn in the note to (art. 190.) ^^^^^H 
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i63. — Table II. Of ihe Proportions of single actins^ sleam engines equivalent to dif- 
ferent numbers of horses ; the borse power being 33000 pounds raised one foot high per 
minute, and Ihe elastic force of the steam in the boiler = 35 inches of mercury. 
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664. — ^Table III. Of the Proportioiis of double acting Steam Engines equivalent to dif* 
ferent numbers of horses ; the horse power being 39000 pounds raised one foot high per 
minute, and the elastic force of the steam in the boiler = 35 inches of mercury. 
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EXPLANATION 



OF THE 



PLATES ; 



WITH 



REFERENCES TO THE ARTICLES WHERE THE CONSTRUCTION IS 

INVESTIGATED. 



3ia EXPLANATION OF THE PLATES. 



PLATE I. 



ilg. I. 18 an isometrical projection of a rectangular steam boiler, (art. 925, 996,) with part 
of tlie top plates of the boiler, and part of the brickwork remoTed to shew the internal parti. A 
is the boiler; the half of the doorway to the fire is at B, and the fael rests on the fire bars 6, and 
against the back F : the flame passes over F, and along under the bottom | it rises at H, and returns 
in a flue by the nearest side, passes round the end by the flue I, and along a flue by the further 
side to the chimney at L ; a horizontal damper K regulates the aperture to the chimney, (see art 
S57.) The door to the ash pit C should shut perfectly close, and the supply of air for the fire 
should enter by a passage £, the aperture of which is regulated by the force of the steam acting 
by the chain it, n, (art. 958.) In the figure the air is supposed to enter by the grating at D. The 
supply of water enters by the pipe M N, the end N being turned along the bottom of the boiler 
that the water may acquire heat before it mixes witii the rest ; the admission is rq^ulated by the 
stone float c, (art. 951—953.) The steam passes to the engine by the pipe 8, and when it is not 
required, it goes oif by the safety Talve V, (art. 960,) and through the pipes T W. The intemd 
Yal?e is on the man*hole plate at a 6, (art 259.) The steam gauge is at h, (art 558,) the gauge 
cocks at k, i, and a cock to clear the boiler of water is at R. Opposite each fine, as at Q, there 
must be an aperture to clear it out at 

Fig. 9. shews a method of admitting water to a boiler where high pressure steam is used. 
The pump forces the water by the pipe D, through the valYc aperture A, into the boiler, but when 
the quantity is in excess, the copper fioat F closes the valFe, and opens the valve B to the waste 
pipe C, by which the surplus passes off. The parts must be balanced on the axis by the weight GL 
See (art 953.) 

Fig. 3. 4. 5. and 6. are tops for engine chhnneya. Vig. 3 is a plain obelisk: the proportioai 
of an Egyptian obelisk are very well adapted for a chimney, and if the frees were stuccoed and 
covered with sunk figures, it would render them novel and omamentaL fig. 4 is an octsgoo 
top for a square shaft | Fig. 5, an octagon chimney, and Fig. 6, a chimney to represent a colnma. 
(See art 974—978.) 
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PLATE II. 



Ttii pimtm represents a pUa and two sections of a cylindrical steam boiler, (art. SST—^^SO.) 
Fig. I IS a cross seciion« Fig. 9, a longitudinal section, and Fig. S, the plan ; in tbe latter, half of 
it b the plan above the level of the boiler bottom, and the other half below it The fuel is put in at 
the fire door B, it inflames at D, and the smoke in passing over the hot current of air ri^ng 
through the. red Aiel at £ is consumed. The ash pit door is supposed to be provided with a 
raster to regulate the admission of air, but it would be better to make it regulate itself as in 
the preceding phUe. By pushing b^ck the plate k by the handle t the clinkers are let out behindi 
(art; S48.) The supply of water is regulated by a hollow copper ball float, and the supply Is 
coBtinuons except, when by the water rising, the valve is closed, (art 854.) To prevent sediment 
depositing over the fire, I would recommend a divbion to be placed across the boiler as at 0| 
the safety pipe T W is recommended instead of the valve, on account of the certainty of its action. 
The first eflect of strong steam is to displace the water down to the level of the mouth of the 
pipe at T ^this sets the feed pipe into action, and steam and water rise bj the pipe T W till the 
boiler be cooled to its proper temperature, (art 9fl4 5) no internal valve is required : S is the 
steam pipe leading to the engine. The same letters refer to the same parts in all the figures. 
For the area of the grate, and ash pit, see (art 197— 199 ;) sixe of the boiler, (art 999 >) the area 
of the chimney, (art S74— V8,) and the strength of the boiler, (art. 595.) 

Note* In Section III. I neglected to remark that the boilers formed of small pipes cannot 
possibly produce more eifect than others, and that every boiler must contain a certain quantity of 
water and steam, otherwise the slightest neglect of the fire would cause the engine to stop. It 
has been pretty clearly ascertabed that not one of the combinations hitherto proposed, has equalled 
the kind of boiler above described. 



EXPLANATION OF THE PLATES. 



PLATE in. 



Tb}? plate represents Bninton's apparatus for feedtDg fnrDace fires by means of machinery. 
The general principles of the method and its advantages have been stated, (art. 250,) and it, only 
Kioains to describe the ports of the Ggure. The apparatus was added to two boilers of Boulton 
vul Watt's construction. To the origins) boilers A, A, two additional boilers B, B, ore attached, 
which are prepared for the purpose i>f being over Ibe rerolving fire grate; the smoke from 
(vhich passes over and under the bridges d, d, and rouul the boilers A, A, by the flue C, and D, D 
«te the flue doors. The coals broken to a proper size, are put into the hoppers E, E. and fall 
through the openings F, f, and through the top of the boiler to the grate. The door H to 
examine or repair the fire place is attached to Ibe boiler by a cement joint. The additional 
boilers are connected to the main boilers by the steam pipes G, G. 

To clear the dust away that falls over the edge of the revolving grate, there are doors at I, I ; 
they also admit a small (quantity of air to the burning fuel. The axis of the grate K ia turned by 
the pinion and wheel at L, turned by the upright abaft N. which receives its inotioo'ty the shaft 
R from the engine. 

The pivot of the shaft N, and of the spindle K, are in the foundation plate M. The grate bars are 
■urrounded by fire bricks /i, and a thin hoop projects below the frame, and moves in sand in a 
trough y, and prevents air entering by any other passage (ban through between the bars; a 
server attached to the grate, and consequently moving with it, keeps the channel i clear of 
dast. 

To reflate the fire the chains S S are oonnected to the damper chains, and raise or depren 
die wedge U by the lever T, and thus increase or diminish the supply of coals according to the 
force of the steam. (See art. 25?.) 

The feed pipe O, with its stone float c and balance I, are as in other boilers, (art. SSI.) The 
gauge cocks are at Z, the man-hole at a, with an internal valve at b; the safety valve is at V with 
a pipe Q to convey away the steam ; P is the pipe for conveying steam to the engine, with a self- 
acting stop valve W, to prevent the steam passing from one boiler to the other, when both are 
in action ) and X Y is a lever handle for closing the aperture when only a small supply of steam is 
required. 

The construction will admit of considerable variation ; and its advantages in saving fuel, in regu- 
larity of action, and in consuming the sooty matter of smoke, render it a desirable addition to a 
large boiler. 
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PLATE IV. 



' Fig. 1. is a iccti<Hi of the piurtf x>f a bigb pressure engine witli a fbor passaged took. The 
engine is supposed to be partly within the bofley; of wbidi D B is the top plate. P is the steam: 
piston, and R the piston rod, A is the four passaged cook; the steam enters from the boiler at Si 
and passes through I to the top of the piston, and the steam below escapes through the passage 
h, ao4' f^p« « and E, to the atmosphere | the pipe £ is surrounded by water whidi the escaping st^am: 
warms ready for the boiler. By turning the cock the mocioits are reversed, but it ii obvious we. 
cannot in thi^ engine employ the expanding force of the steam. The motion is regulated by a 
throttle valve V. (See art. 8^-^961 .) ' 

Wifg. S. and 9. ahew a secttoa and plan of a similar engine, with a deenilide instead of a oock ; 
the steam enters from the boiler at S, and by the passages being shut and opened close to the 
octrenritles of the cyHnder, there is no loss by the communicating pipep being filled with strong 
steam. (See art. 864.) This engine will not work expansively unlesf tlMf construetipn of the 
slide be idtered. (See art '3710 Contrary to the laraal practice, the packing of the slide is on the 
sliding part ; the advantage of this plan is obvious, but ^e practical dlfficalty of boring a semi- 
C34inder is incurred. 

Fig. 4. is a simple arrangement of the high pressure engine by which the eicpapding power 
of the steam may be used j it is the invention of Messrs. Taylor and Martineau. The passages are 
opened and closed by pistons sliding in a pipe : the steam enters Ihis pipe at S, and the steam is 
supposed to be just shut off by the upper piston, so that by the expansion of that in the cylinder 
the rest of the stroke is completed, the passage E to the atmosphere being still open, (iee art. 
371— ^iO.} Hie slide 'would be improved by making it of the form of a dee*sTide. 

The construction of the pistons of the slide is ^ suggestion which may perhaps answer better 
than the common ones, (art 4&6 and note.) 

Fig. 5. is an arrangement to illustrate the action of a high pressure engine to work expan- 
sively by means of combined cylinders. (See art. 381 — 383.) 
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PLATE V. 



Fig. 1. is a section of a double -acting condensing eDgine« wiiik a slide adapted for Working 
by the expand ng force of steam $ the slide being, in Fig. 1, in the position for letting th^ steam 
on at the top. Fig. H shews the^ steam shot off and the passege to the condenser still open, and 
Kg. S, the position when the steun is let on at the bottom. (See art. 448.) The steam eaters 
at 8, and a pipe of communication between the steam pipe and the . condenser is necessac|^ to 
allow steam to enter the condenser when the engine is about to be set to work, (art. 414.) 

Fig. 4. is a section of a single acting condensing engine^ with Talves to the passages, (see 
art. 406 ;) and Fig. 5^ a different arrangement of the valves for a single engine. 

In all these figores the same ktters indicate the same parts. C Is the steam cylinder, P tte 
steam piston, R the piston rod, B the condenser, with a jet of water playing into it from I the in* 
jection cock j A is the air pump, and p its piston | G is the foot val?e between the condenser and 
air pump ; M the air pomp, and Q the dischaige valve of the air pomp, through wliich tiie ur and 
hot water are forced into the hot well K, from whence a part is raised by a small force pump to 
the boiler feed head, and the rest runs off by a waste pipe. H is the blow valve to the condenser, 
(art 566.) The condenser and air pump are placed in a dstem which is constantly supplied with 
cold water by a pipe N. 

The jet should be made through a rose on the end of the pipe; for to produce speedy and per- 
fect condensation, the cold fluid should present the greatest possible surfoce to. the steam it is to 
condense, (see art. 980 ;) and it should be impelled into the condenser with greater force than 
the ordinary head in the cistern admits of. 

In large engines the connecting eduction pipe E, Fig. 1, may be on the outside of the i 
pipe S, and the parts of the slide connected only by a rod, as mentioned in (art 447.) 
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PLATE VI. 



Fig. 1. is a sectioD of a common atmospheric steam engine } C is the cylinder^ and the piston 
is supposed to have a wooden bottom, according to the practice of Smeaton^ (art. 466 ;) the steam 
is let on by a modification of Hornblower*s valve^ (art. 449^) instead of the common regulator, 
(art. 461.) For the proportions of the engine^ see (art 393^399.) 

Fig. 8. is a section of an atmospheric engine with a separate condenser and air pump ; see 
(art. 40O— 405.) An elevation of this engine is shewn in Plate XI. 

Fig. 3. is a section of a combined cylinder engine, on HombIower*s principle, (art. 32,) 
where the steam passages are opetfed and closed by a combination of slides in one pipe. See (art. 
4^5^489. Woolf s engines have two cylinders, but the passages are opened by valves. 

Fig. 4. is a section of Uomblower*s double seated valve. See (art. 441.) 

Fig. 5. represents a section of Murray's slide $ it is a sliding cover which alternately covers the 
passages a c, and c b : the disadvantage of this construction is that the pressure of the steam is 
nearly three times as great on the moving surfaces, as it is in Murdoch's arrangement shewn in 
the iast plate. (See art. 446.) 

Fig. 6. and 7- shew the mode of forming the apertures of a four passaged cock, so that the 
steam may be shut off at any period of the stroke without closing the passages to the condenser. 
See (art. 456.) T is the passage to the top, and B that to the bottom of the cylinder ; the steam 
enters at S, and C is the passage to the condenser. Fig. 6 shews the position of the cock when 
the steam is entering, and Fig. 7 when it is shut off. 

Y Y 
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PLATE VII. 



This plate is to represent the construction of pistons. 

Fig. 1. represents a section, and part of the plan, of the common packed piiton, which is tightened 
by the screws S when it wears. See (art. 467.) 

Fig. ^. shews one of fVoolfs methods of tightening the whole of the screws at once, and conse- 
quently in the most regular manner, without haying to take off the cylinder lid. See (art 468.) 

Fig. 3. is the plan and section of Cartwrighfs metallic piston, (art. 43,) as at first executed ; it 
was afterwards made with spiral and other springs, acting only on the interior segments of rings 
6 b, but it required that the outer ones should be moved, and this has been done by making the 
interior segments in short pieces to cover the joints of the outer ones, so as to leave space to 
insert springs between them, to act directly on the outer segments, by Mr. Lloyd : it has also been 
done by inserting a short cylindrical piece against each joint of the outer ring, both the cylindri- 
cal pieces and the outer segments being pressed outwards by spiral springs ; this method is em* 
ployed by Messrs. Hall. See (art 469.) 

Fig. 4. represents Bartons construction of metallic pistons in plan and section. The points of 
the wedges G expand faster than the segments £ in the ratio of m n to o n, and hence, wear the 
cylinder unequally. To prevent this the points are shortened, and two elastic hoops 6, &, Fig. 5, 
are put found, neatly fitted with a loose tongue joint, as shewn at Fig. 6. See (art. 470.) 

Fig. 7. shews a method of avoiding the defect of Barton's piston, by keeping the points of the 
wedges as much within the segments of the piston as may be necessary for wear, before a change 
of parts becomes necessary, and making two series to break joints. See (art. 47 1> 472.) 

Fig. 8. represents a section of Jessop*s piston, and Fig. 9 the expanding coil of metal which 
rubs against the cylinder. See (art. 473.) I am of opinion that a more perfect method of pressing 
the packmg against the metal coil, is the only thing wanted to render this decidedly the best 
kind of piston. 

The friction of pistons is investigated in (art. 474.) 
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EXPLANATION OF THE PLATES. 



PLATE VUI. 



Fig. 1. represenls a section of the Bieam pipes, and valves, of Messrs. Fentou and Murray's 
double eoginf, Plate XIV. ; and Fig. 2, the communicatiDg rods. The steam enters by the pipe 
C which has a throttle vatve at □, to regulate the supply of steam to the engine, (art. 544.) It is 
regulated by the action of the governor balls on the lever b, by the connectiDg rod c; the rotary 
motion is communicated to the axis of the governor, by means of a band passing from a pulley 
on the crank shaft to a similar pulley tl on the axis of the governor. The governor consists of 
two bent levers e e, passing through a slit in the middle of the spindle, anJ turning upon an axis 
at/. The upper part of the spindle has a slide h, which is connected to the levers by the rods 
i i, and ascends when the centrifugal force of the governor increases, so as to cause the bolls to 
>ise, and descends when it decreases ; and the lever I moves with it, and consequently, the valve. 
' When the engine is at rest the balls j'j rest against the arms k k; the upper end of the levers e c, 
are nearer to each other ; and the rod c is raised so that the throttle valve may be quite in a hori- 
zontal direction, and the pipe completely open for the passages of the steam. See (art. 550.) 

By the pipe D D, the steam passes either to the top or bottom of the cylinder from the throttle 
valve a, and by the eduction pipe E E the steam from either passes down to the condenser. The 
valves n, o, have each a cylindrical tube or spindle passing through the stuffing bo.xes r, s; the 
upper end of each of these has a stuffing box, the upper one at t the other at u, for the rods of 
the valves p, q, which open to the eduction pipe E, so that either the steam or eduction valves 
may be opened without allowing steam to escape. 

Fig. i. is a front view of the two sliding rods which give motion to the valves n, o, p, and g. 
These rods are kept in a perpendicular direction by the pieces t, x, and the guide 1 j the lower 
end of the rods have friction rollers 3, 3, which are acted upon by the two eccentric pieces 4, 4, 
on the horizontal shaft Z, which derives its motion from a shaft Y, placed at right angles to, and 
communicating by means of beveled wheels with the crank shaft- Four arms, 9, 10, II, and 12, 
are fixed to the rods v, v, and le, w, fur the purpose of moving the valves, and a lever or handle 
(13) turning on a pin screwed on the pipe E, is used to open and shut the steum valves when the 
engine is first set to work, see (art. 566;) the stea.n gauge (21) is for meaauring the pressure of 
the steam above that of the atmosphere, (art, 558,) and the condenser gauge (^4) is fur measuring 
the force of the vapour in the condenser, (art, 559.) 

Fig. 3, 4, 5, and G, represent the four way cock as executed by Maudslay. Fig. 5 is the plan 

taken at the horizontal line DE, in Fig. 3 and 4, which are sections through the steam cock. In 

these figures £ Is the steam pipe, and F the pipe leading to the condenser G. Fig. 4 is the steam 

f oock nr cone grotind into its seat, and provided with a grease cup H to aETord a regular 

. supply. 

Fig. 6. is a plan of the upper side of the steam cone. See (art. 457) ami Plate XV. 



EXPLANATION OF THE PLATES. 



PLATE IX. 



The apparatus for opening and closing the steam passages ia of more importance to the perfec- 
tion of the steam engine, than any other part of its mechanism. In the present slate of the 
engine the action is either very complicated or imperfect ; my object in this plate is to shew how 
the imperfection of the most simple method may be avoided, aod also how it may be applied to 
reciprocating movements. 

Fig. 1. shews a section, and Fig. S. a plan, of an apparatus for opening and closing the steam 
passages by means of the rotary motion of the crank shaft D ; the object of the method is to give 
such a form to a wheel on the shaft D as will move the pin e twice during the stroke, and in the 
easiest and quickest manner. For this purpose the shaft passes through a rectangular frame which 
rests in grooves on the shaft to keep it in its place, with liberty to slide backnard and forward ; 
and it is provided with two rollers to be acted on by the curved surfaces of a wheel fixed on the 
shaft. The curve H G moves the valves at the termination of the stroke, and I K to shut off the 
steam, that the engine may work expansively the rest of the stroke. In order that there may 
be the power of varying the time of cutting off the stroke, the curve I K may be on a separate piece 
M, Fig. 2, capable of being moved from N to O. The apparatus ia supposed to move a slide of th« J 
kind represented in Plate V. Fig. 1; hut is equally applicable to move the four passaged cock,! 
(art. 456 and 458) or valves. For the nature of the curves, (see art. 481.) ^ 

Fig. 4. and b. represent the same principle applied to a reciprocating motion. The plug tree 
A B is kept in its place by guides on the brackets ; these guides slide in (he dark grooves. The 
curved parts H I, C D, K L, &c. successively move, horizontally, the frame C on four roUera 
supported by the brackets attached to the engine ; and by the backward and forward motion turns the 
axis E, and raises or depresses the lever F, which acts on the rod of the slide. The same move- 
ment would obviotisly open valves or turn a cock. By the lever on the right hand side, the 
roller frame may be moved by handj bitt by not reversing Fig. 5, it has been shewn there on the 
left. (See art. 483.) 

Fig. 3. represents the method of opening valves by weights, the plug tree A B being mada \ 
means of raising the weights, and of disengaging them by the lappets /, d, (See an. 478.) 
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EXPLANATION OF THE PLATES. 349 



PLATE X. 



The figures of this plate are to illustrate the combinations used to produce rectilinear motion, 
from motion in a circular arc. 

Fig. 1. is the parallel motion used for steam boat engines. The beam A F is below the cylin- 
der j from G^ the end of the cross head, draw a line from G to'A the centre of the axis of the beam, 
and it will cut the rod D fi in £, and the length of the radius bar D C may be found by the rule, 
(art. 491 }) when £ B is equal to E D the length of the bar C D is equal to A B, and this is the 
best though not always the most convenient form. The rod IX G may be at any height, provided 
it be parallel to A F, and fi may be at any point in A F. 

Fig. 2. shews the most common construction for engines with the beam above the cylinder. 
H is the piston rod connected at G, and C D is the radius bar. The line G A cuts the link B D 
in £, the proper point] for the air pump rod. Fig. 3. shews a plan of the upper side of the beam, 
where C D, C D are the radius bars, and the beam is In two parts, as is usual in large engines. 
(See art. 492.) 

Fig. 4. is a diagram to illustrate the investigation of the properties of the combination in its 
most simple form. (See art. 489.) 

Fig. 5. is a diagram for the apparently more complicated case, when the rod is fixed to one 
angle of a parallelogram. (See art. 492.) 

Fig. 6. shews how to arrange for three piston rods to move parallel, as for Woolfs engine ^ the 
points of suspension must be all in the line A G. 

Fig. 7. shews another arrangement for three rods at one end, and two at the other end of the 
beam. (See art. 495.) 

In all the cases the corresponding points are marked by the same letters, and therefore by re- 
ferring to the investigation of Fig. 4, the relations may be traced ; the particular forms of dif- 
ferent engine makers, will be found by turning the part upside down, altering the place of the 
parallel bar G D, or altering the proportions of the parts. In every combination where the bar 
C D is not equal to A B, the variation from rectilinear motion increases with the extent of the 
angle described. 

Other variations of the parallel motion are exhibited in Plate XI. and Plate XIX. 



360 EXPLANATION OF THE PLATES. 



PLATE XI. 



This plate represents a plan and elevaticln df an atmospheric engine/ for raising water from a 
mine. The beam is supported by a frame of cast iron, designed so that it may be taken apart 
when it is necessary to move the engine to another mine, (art. 578.) The steam comes from the 
boiler by the steam pipe S, and is admitted to the cylinder C by a sliding piston in fi^ (see Fig. 2, 
Plate VI.) and then the piston in the cylinder C rises to the top of the stroke, and the piston rod 
forces the end /of the beam up with it ; as the beam rises it draws the rod .F G with it, which 
near the end of the stroke moves the sliding frame H, (art. 483,) and by the rod O the slide in 
B so as to shut the steam off, and open the passage to the air pump A ; into the passage a jet of 
water plays at I. The piston then begins to descend by the pressure of the atmosphere and 
raises the pump rods, and at the end of the stroke the part F of the rod F G, moves the slide 
and shuts the passage to the air pump, and opens that for the steam. (See Plate VI. Fig. 1.) 

The parallel motion is guided by the radius rod c d, attached to the frame, (art. 491 and 495,) 
and by connecting the rods h, i; the same rod does for both ends of the beam. The sliding frame 
H is supported by a cross bar beneath H, and another at K, and the slide may be moved by 
hand by the lever IVL Cold water for injection is supplied by the pump E, and water is raised 
from the hot well by the pump D, and passes to the boiler by the pipe Q, with a small branch 
pipe at P, to give water to the top of the piston. (See art. 400— -405.) 
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EXPLANATION OF THE PLATES. 361 



PLATE XII. 



This plate shews an elevation of a single acting engine^ as executed by Messrs. Boulton and 
Watt. The boiler a is inclosed in a case of brickwork, and the steam passes by the steam pipe 
b, to the cylinder c, which is firmly attached to the floor of the engine room, by the bolts d, d; 
its upper end is covered by the lid e, through which the piston rod k slides in an air-tight box * 
called a stuffing box-.. The beam^g moves on^its. axis or gudgeon at hii and the bearings in 
which the gudgeons work Hre sustained by lihe floor and wall i 

The pump>od J, carrjiog a counter weight, is suspended at the end g-of the beam; and both 
it and the piston rod k, lire eonnected by a parallel motion apparatus to the working beam / g, 
(See art. 492.) 

The condensing cistern is at fn, and contains the air pump. n, the condenser, and hot well o^ a 
continued supply of cold wat^i* is procured by t£e action of the cold water pmnp p, and the ex- 
cess is carried off by' a waste pipe to the well q; the whole of the external part of the apparatus 
being kept by that means iit the lowest temperature possible. 

The upper steam valve is at r, and .the lower at t, and the exhaustion valve at L (See Fig. 5, 
Plate V.) These vulves are nsdved by the plug tree v, which is furnished with tappets to give 
motion to the levers acting on the valves r, s, t. .(See art* 478.) 

The pump to ^aise water from the hot well o to supply the boilet is at ft, and the water is con- 
veyed by the pipe to to to the small eistem # on the top of the feed pipe, which is provided with 
a valve, and acted on by a lever connected by a wire passing down through a stuffing box y, to a 
stone float in the boiler, which by its descent opelis the valve, and allows the admission of an 
additional supply of water when it is required, l(airt^1S51.) 

In order to prevent concussion two blocks 1, % are fixed across the upper side of the beam, 
and extend on each side so as to strike on four wooden springs, on the floor which supports the 

• * * ■ ■ ■ * 

beam. (See art 54§.) • 

For large engines the beam is in two parts, with a space between them, as Fig. 3, Plate X. 

The proportions at ike single engines are given in Sect. VI. (art 406-^13;) the application 
in art 572, 573, 588, and 587 ; their eflfects, (art. 576 ;) and their power, and consumption of fuel. 
Table II. (art 663.) 



EXPLANATION OF THE PLATES. 



PLATE XIII. 



I 



This plale represents a double acting steam engine for raising water, (art. 570, 582.) 

The steam from the boiler enters by the ateani pipe S, passes through the top valve a 
on the piston p, and forces it down ; and just before it arrives at the bottom of the cylim 
plug on the rod R will come in contact with a lever and shut the valves a, b, and open c, d, whict 
were shut ; the steam will now continue its course down the pipe S through the valve d, : 
the boKotn of the piston p, and again force it up to the top of the cylinder, while the ste««i| 
which forced it down will make its escape to the condenser B, through the valve 6, by a 
which conveys the steam from the valves to the condenser. 

Having described one double stroke of the engine, it is only necessary to remark that its conti- J 
nued motion is made of a repetition of the same thing over again. The steam which passes ta I 
the condenser B, meets with a jet of cold water from ihe injection cock I, and the greater part offl 
it is reduced to the state of water, and it is the office of the air pump A to clear it away. Tli*| 
rod R works the air pump which draws out all the injected water, air, and condensed steam, 
discharges it through the valve at the top of the air pump into the hot well K, where a certain -J 
portion of the water is again forced back to the boiler by the force pump L, and the remainder 
runs to waste: at the same lime, to the other end of the great beam is attached the rod of the 
cold water pump N, which supplies the cistern containing the condenser and air pump with cold 
water, and from this source the injection cock has its supply. 

The governor Q is put in motion by beveled wheels on the shaft of the fly wheel P, (art. SIO, 
and regulates the throttle valve in the steam pipe S, so as to close it a little for a less admi^sioa I 
of steam when the speed is increasing; and on the contrary, when the engine relaxes in its speed, 
the balls will again begin to fall, and open it a little so as to admit more sicamj by this means the 
work may vary, and yet a uniform motion be kept up by the engine, (art. 550.) 

In the pumping apparatus, the rod M is the pump rod for the purpose of raising water; when 
the rod descends, the water will be forced through G into the upper air vessel E, from whence 
it passes in a continued stream to the reservoir, at a distance and height proportional to the 
power of the engine. The barrel of the pump will be refilled from F, the source which commu* 
nicates with the lower air vessel H ; when the rod rises the opposite valve at the top will open, 
and the water will be forced through into the air vessel £, and the supply for the descendins _ 
stroke will rush in by the bottom valve from P, and as before be discharged through G. 

For the proportions of this kind of engine, see (art. 414—423 ;) and I would recommend tl 
adoption of Field's valve instead of the throttle valve. (See art. 54? ) 
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EXPLANATION OF THE PLATE! 



PLATE XIV. 



Tlrifl plate represents a double acting steam eagine, for impelling machinery, as executed by 
Messrs. Fenton, Murray, and Co, of l^ceds. 

The engine is supported by the walls A A A A, part of which form the walls of the engine 
house. The steam cylinder B is secured to the wall below it by bolts j it is enclosed in a 
jacket or casing of cast iron, a little larger than the cylinder, and the space between them is sup- 
plied with steam, to keep the temperature of the cylinder as near to the temperature of the steam 
as possible. (See art. 155.) The steam comes from the boiler by the steam pipe C, C, to the 
valve pipe D, D, and passes to the condenser by the eduction pipe B, E, leading to the con- 
denser p, which with the air pump G is immersed in the cold water cistern H, supplied through 
the pipe J. The cold water pump I, is worked by the rod O attached to the engine beams. The 
air pump is worked by the rod N, and delivers the water into the hot well, from whence the hot 
water pump K, worked by the rod P, the upper part of which is connected with the working beam 
at Q, raises n ([uantity of hot water to supply the boiler. 

The working beam Q is supported by the cast iron column R, and is connected to the jiiitoo 
rod L by the parallel motion M M., see (art. 188;) the other end of the beam gives a rotary 
motion to the crank shaft by means of the connecting rod S, the lower part of which is attached 
to the crauk T; and a spur wheel U on the crank shaft, worl.ing into a pinion on the shaft V, givea 
motion to it, and to the fly wheel W, (see art. 540.) By means of a train of shafts and bepeled 
wheels X V Z, moved by the crank shaft, the axis, carrying the eccentric rollers which move 
the valves, is kept in motion, and the rods a, b, w^ich are connected to the valves, are raised and 
depressed at the proper times, or by hand by the lever e, in the manner more fully described in 
Rate VIII. In some of their engines they use slides nearly of the kind mentioned in (art_447.) 
The injection of cold water to the condenser is regulated by a cock, moved by the handle c on 
the spindle d. 

ITie governor g [see art. 550,) is kept in motion by bands from the crank shaft, and opens or 
closes the throttle valve in the steam pipe C by means of a lever ft ft. (See Plate VIIL Fig. 1.) 

The proportion of the parts for b double engine of thb kind may be ascertained by (art. 414 — 
4^.) It ought to be made to work expansively, but in this case it has not been done ; the saving 
resulting from causing the engine to work espansively, will be in the ratio of 10 to 7 to do the 
same work, (art. 43'3.) See Table 11!. (art 664.) 




EXPLANATION OF THE PLATES. 



PLATE XV. 



As an example oC a portable condeosing engine for impelling machinery, I have taken (hat of 
Mr. Mnuclslay, where the beam is omitted, and the crank connected directly with the piston rod. 
Fig, 1, 13 B front elevation of an engine ; Fig. 2, a longitudinal section ( and Fig. 3, on end view. 
The cylinder B is supported by a cast iron frame A, and C is the piston, with the rod D, con- 
nected to a cross head at £, and guided by the wheel F which keeps the piston rod in a vertical 
direction, by moving in the frame G; the side rods H, H, connect the cross head E with the 
double crank I, I, which turns in (he plnmmer blocks or bearings J, J, one on each side of the 
frame, and to which the fly wheel shaft K, carrying a fly wheel M, is connected by a coupling 
box, or clutch L, at the end next the engine. 

Two eccentric wheels N, N, on the crank shaft K, give motion to the levers O and T, by 
means of the connecting rods P. P. The lever O, supported by the bearing Q, works the cold 
water pump S, by the rod R; while the beam T, working on the centre V, works the air pump X 
by the slings v, and the hot water pump Y; which by the feed pipe Z supplies the boiler with hot 
water. On the cross rail (a) the guide is fixed to conline the air pump rod to a vertical motion ; 
the condenser h surrounds the air pnmp, and is agairi surrounded by one of the cold water cis< 
terns c; the two cisterns are connected by a pipe d ; the steam from the cylinder passes tu the 
condenser through the eduction pipe e, and the cold water for injection is admitted to the con- 
denser by the cock/. The air and condensed steam ascends through the foot valve g in ll>e 
bottom into the air pump. The mechanism for opening and closing ihe steam passages consists 
of an eccentric piece k, fixed on the crank shaft, the action of which communicates a reciproca- 
ting motion to the rod i, which by a bent lever moves the connecting rod I, and lever m, that is 
fixed at one extremity of a spindle having a beveled wheel at the other; which works rnlo 
another on the spindle n of the steam cock o, by which the steam is admitted from the steam 
pipe to the cylinder. The engine is worked by hand by means of the handle h. 

A pair of beveled wheels on the Hy wheel shaft gives motion to the governor balls, and ihe^e 
raise or depress the piece marked p on the axis, which by its peculiar form acts on a lever, and 
retains the valve in the steam pipe at g open for a longer or shorter time for the admission of 
•team according to the velocity of the engine, (see art. 547.) There is also an apparatus for 
wfirking the throttle valve by the same governor. 

This engine is in a very compact form : it is however a little too complex, and its frame reminds 
one of an antiquated style of cabinet work ; but the beauty of the workmanship is unequalled, and 
is faithfully represented by Mr. Clement's drawings. 

To proportion the parts of an engine of this kind, (see art. 419—42%,) and the articles there 
referreil to j and Table III. (art. 664.) It is adapted for engines of from 2 to 30 horses' power. 
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EXPLANATION OF THE PLATES. 



PLATE XVI. 



Fig> Ip <Ln<l 2> represent the instrument called the indicator for measuring the force of the 
ateun in the cylinder of an engine, (See art. 560.) 

Fig. 3. and 4. are diagrams to illustrate tlie comparative stability of opposite clasBes of forms 
for vessels. (See art. 599, 600.) 

Fig- 5' If the motion of a vessel were always direct, its sides should be parallel, and one of 
the section Fig. 3, may be lerminated by making botli the extremities of the same %ure, and 
fiirnied by circular arcs ) then if the section be similar, ao that the stability may be equal throughout 
the length, (art. 599,) the water lines will increase in curvature towards the keel (they are shewn 
by dotted lines j) but the actual obli(|uity of the resisting surface by which these resistances ore 
measured, decreases in descending. The objection I should make to this mode of forming a vessel 
is, that it would not have a sufficient tendency to keep in its course ; and T think a better form 
would be obtained by conceiving the midship section to advance parallel to itself, and also to- 
wards the keel, in the same manner as is shewn in the next figure. 

Fig. 6. If the section Fig. 4, be the midship section, and the plan of the load-water line be 
formed by arcs of circles, and the sections be all drawn by the same mould as the midship sec- 
tion, aa far as the breadth at the part allows, then the form will he as Fig. 6 ; the water lines 
would be all of the same curvature, the capacity would be easily measared, and the construction 
would be simple. 

But it is necessary to remark that parallel sides are best only for direct motion. In an oblique 
motion, such as that almost universally produced by wind, the vessel should diminish towards the 
stern; the oblique force of the wind then presses its side against the fluid so aa to produce an effect 
similar to that of an inclined plane, if the sails be properly set, and I think the diminution should 
commence where the curvature of the fore part ende. 

It is chiefly for direct motion that a steam vessel is intended, and where it is so, parallel sides 
have the advantage ; but where sails are to be used with cffi;ct in addition to steam power, the di< 
re(;t resistance must be a little increased, or the capacity diminished, to get a clean run when the 
oblique force of the wind is available. Hence, it appears that a vessel adapted for one mode 
of action is not the best for another; and instead of theory being imperfect, it is evident that 
it only wants to be followed up by analyzing the different cases which occur in practice. It is. 
difficult to conceive how much this subject has been neglected, or how much remains to be done. 
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EXPLANATION OF THE PLATES. 



PLATE XVIII 




This la an isometrical projection* of a steam boat engine, in the manner they are arranged by 
Messrs. Boulton and Watt ; and the same general principle of construction is followed by all the 
best manufacturers. The arrangement did not however originate from fioulton and Watt, but 
was adopted by them, in common with others, from the engines of the Clyde steam boats. 

The sleam comes from the boiler by the pipe in the front of the figure, and passes into the 
steam case and round the cylinder to the slide box, (see art. 146;) from whence it is let into the 
cylinder in a manner which will be more clearly understood by referring to the next plate : from 
the lower part of the cylinder a trank proceeds to the condenser, which is below a square cistern j 
beyond which a part of the air pump is seen, and to the left of it the hot water pump to supply 
the boiler. 

The motion of the parts commences at the cylinder: the piston rod is supposed to be descend- 
ing, and by means of a cross bar (called a cross head) and two side rods, it depresses the ends of 
the side beams, these side beams moving on axes in the centre ) the other ends rise and force 
a cross bar upwards, lo the middle of which the connecting rod is fixed, by which the crank of 
the paddle wheel shaft at the upper part of the figure is turned ; and also by the rising of the 
further end of the side beams the cross head of the air pump and hot water pump is raised by 
two side rods. The motion of the piston rod is guided by a combination of rods called the pa- 
rallel motion, (see art. 495,) and the slide is moved by an eccentric wheel on the crank shaft; 
and to reduce the friction its weight would cause, it la balanced by a heavy hall acting on a lever 
below it. 

Though the figures on the next plate are not a plan and section of this engine, yet the same 
parts, with the exception of the steam pipe, are nearly in the same places, and hence by compari- 
son of the two the uses and action of the parts may be understood. 

The weight of an engine of this kind is not exactly proportional to its power, but is nearly so ; 
and that of a forty horse power engine, with proper duplicate parts, water, and other appendages, 
is about one hundred tons. 

See Section X. 
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EXPLANATION OP THE PLATES. 



PLATE XIX. 



In this plate. Fig. 1 is a section, and Fig. % a plan, of a steam bout engine. A strong frame of 
cast iron supports ttie crank shaft I, and connects the pnrts of the engine ; and the whole is sni- 
tained by two strong beams on the floor. The steam pipe S brings the steam from the boiler to 
the passages of the slide, and from thence to the top or bottom of the cylinder A, and it passes 
froQi the slide to the condenser B, where it Is condensed by a rose jet playing constantly ; the 
(ur pump C expels the air and water into the cistern D, from whence it runs out by a pipe. 
The motion of the piston is transmitted to the crank by means of the double side beams or levers 
E F, moving on the axis Gj these are connected to the cross head of the piston, L, L, by two 
rods called the side rods, and the ends E are conDei:ted to the crank by the connecting rod H. 
The air pump is also worked by side rods from the side beams, and the hot water pump from 
the same cross bead. The parallel motion is guided by the rod M N. (See art. 489.) The slide 
is on Murdoch's construction, (art. 447,) and is moved by a wheel on the crank shaft I, with a 
sliding frame P, (art. 4SI,) and by hand by the lever T j the slide rod being movrd by alinga 
from the arm R. The valve O is used to let steam into the condenser in setting the engine to 
work, and the air and water are blown out at the discharge valve into the cistern D. 

For the strength of the parts, see (art, 496,) the proportions of the engine, (art. 419—422.) 
The parts of the slide should be counterbalanced, in order that its resistance may be equal in 
either direction. 

Each vessel generally has two of these engines, placed parallel to one another, with a passage 
between them ; and there is room left for working the fires between the cylinder and the boilers. 
The coals should be kept in iron tanks in the engine room, each to hold a given weight of coal, 
with the object of ascertaining with accuracy the consumption for any time ; about four tons is a 
sufficient <{uantity to be together, and they should be kept out of the danger of taking fire. 

The proportion of the power to the effect is given, Sect. X. (art. 655.) 
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EXPLANATION OF THE PLATES. 




PLATE XX. 



Fig. t. represents a side elevation of a tteBin carriage ; and Fig. 7, part of & cross section to 
double the scale : the same letters refer to the same parts in both. The sleam is generated 
in a cylindrical boiler A, and the fire and Hues surround it; it is joined to two cylinders H, H, 
of the same diameter, intended as reservoirs for steam, and in these are inserted the engine cylin- 
ders, G, G' 1 the parts I, I, form a reservoir of water not exposed to the pressure of the steam, 
but surrounding the flues and chimney so as to be heated ready for injection into the boiler A by 
a small force pump. 

In order to distribute the heat of the fuel so as to render it effective on a larger surface, there 
are two fire places, with fire doors at B, B', but fed with coals by hoppers from the boxes D, D' ; 
the doors are used only to clear the bars, and should be kept open as little as possible. The 
tire flues meet at the middle ; the one from tbe fire B' rises at F', Fig. 3, passes along on the 
upper surface of the cylinder A, round H at M, also round the end of tbe boiler, nnd returns 
on the opposite side, to ascend the chimney in the division E' ; the other proce«ls in the 
same manner in the opposite direction, and ascends at E. There are two apertures for air C, C, 
to each ash pit, both of which should be provided with registers, so that those may be open 
which either face a strong wind, or (in ordinary cases) those which face the direction of the 
motion of the carriage. For a like reason the top of the chimney E should have two apertures, 
that tbe motion of the air, or the motion in the air, may assist the draught. 

The engine and boiier are supported by a frame, and this is aujiported by the axis ; but to pre- 
vent the carriage resting on thr.ee wheels, there may be four spiral springs in the boxes L, L, 
3Tul the cross beads must be connected to the piston rods by moi cable joints, and all the bearings 
must be formed so as to admit of the motion which would take place by the sinking of one of the 
wheels in a certain degree. The waste steam passes from the slides to the chimney by the pipes 
K, and there should be two safety valves, one lacked in a box at J, the other open for the use of 
the engine man at J'. (See art. SeC— 273.) 

There will, I think, be some advantage in making the pistons act together, because the effect 
will be us great as by dividing it, supposing both methods to be perfect; and in auting tngetber 
there woiilil be less interference of the motion of ibe one with that of the other. The slide 
would be lieat moved from curved teeth on ibe beams. (See art. 4H1.) 

For the proportions and construction of the boiler, (see art. 244, 2'2r, 278 and 553—5^0:) 
for the engines, (see art. 2*1 — 380 ;) and for the power required, (see art. 590.) 



CORRECTIONS AND ADDITIONS. 



Page 10 line 38 /or pump rnni Bte»m. 

11 ^ 4 for Djlinden rtad cylinder. 

34 roul Dr. Edmund Cnrtwright, barn 1743, died 1623. 

8S line 1 DOte. /or to be liquid iwu; )o be from liquid. 

107 — '21 /or(Sccl. XI.) mod TrealiMon Wirming, &c. (art. 220.) 

134 — U /will nod 11. 

134 _ 19 for 1-27 + 264 read 1-2T X 984. 

178 — 7 ^in- twanty-one rtad 2100 and conliono ihe correftion 

UiTDugfa the iQ'ettiga lion, the reiuK will be 3665-1 insleid of 3670 Jb». 

201 — 3 /or valve o nod valye c. 

— - 324 — \iX. for ^ twd V ~ 

329 — 17 far Wylem r«d Wylam, alio 1240 lbs. wbieh is under 

Lightning should have been under Hsriequio. 

- 333 — 23 _/irr roHoxing nod fallicy. 



The phenomena observed bj M. M. Clemenl and Dtsorm 
instead of being forced away by it, vill nat have a > 






; appears. 



ials I have 



, respecting a flat plate being aiutained by eicapitig ui 

lible effect on the escape of (team by a ufely talve, ifil 

made, that the plate must be caoiidetably larger thaa 

, and this is not the case in those valves. M. Hichelte'i iDusIraiion Mid ex. 

s been given by Mr. Braode, in his New Series of the Qoarterly JoBroal of 

Science, Vol. II. p. 193. 

P«ge 333, (art. 660.) 1 am indebted to Mr. Edward Deas Thomson, who has just returned from Amnka.. for llie 

folloiring account of oae of the latest and the best boati they have constructed in the United Slat«. " The 

' tiarth Amtrica' built bj Kemble and Cn. of New York, under the direclian of Mi. Stavons, the owner. 



Dim 



178 feel 
9 feet 






Length of deck 

Depth of hold (from under side of beam to the keel ) 

Breadth (moulded) 

Breadth (eitrameabove water) 

Draught of water 

Diameter of Paddle Wheels 

Breadth of Paddle Wheels 

Depth of padd'es . . 

Two engines with the diamt 

Length of stroke 

Numbci of strokes per tninn 

Tb« uaual force of the steam is nine inches of mercury above the atmotpbere. the eitieme fnige (burteea inches. 
and the two engiaes coosume two cords of wood per honr. The passage from New York to Albany is «buui 
160 miles, and is perfoimed at an average in twelve houn, with a consumption of t«eat«-Gve cords of wood. 
The boilen are placed before, and the taacbineiy abaft the paddle wheels." 
I find by Bull's Essay on Fuel (Philadelphia 1S27,) that a cord of wood weighs about 3S26 Ibt ^ and u Iha 
engines are of eighly-five hones' power, this gives forty -live pounds of wood per hour for each horse power. 
The ratio of coal lo wood is (ait, 190,) 8-22 lo22-6, according to which the equiroIeDt Quantity of coal wonliL 
be 16-4 pounds. 
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EXPLANATION OF THE PLATES, 



PLATE XVII. 



Fig> 1. is H section of & steam vesBel with its boiler in two parts ; the right pnrt is shewn in a 
aectiOQ across it through one fire place F, aud its flues N, P; and through the cross Hue L of the 
other fire place, and through the safety valve U, (art. 263 ;) shewing the dampers O, R, and the 
passages of the flues to the chimney. Of the left part the fire door end is shewn, with the fire 
doors D, D, the handles for clearing the clinkers B, B, the doors for cleaning the flues at 
E, E, E, and the gauge cocks G ; also part of the chimney C. the stcqm pipe S, and a slide valve V, 
to shut oCF the steam from the engine. There should be as much space between the boiler and 
the sides of the vessel, as to -admit a person to go round to examine it. The floor under the 
boiler should be rendered as strong as possible, and the boiler should rest on a plate of iron 
bedded on a layer of bricks or tiles laid over the lioor in cement ; in this manner a thin plate of 
wrought iron extending under the whole, being flexible, aud brick a slow conductor of heal, is 
more secure than a much thicker cast iron plate. 

Fig. 2. la a plan, shewing the arrangement of the two 6re places F, F, and their fines. The 
fire door is at D, the fire on the grate F, the clinkers fall at H, and the smoke turns at L and re- 
turns along the flue N, rises at O, and goes back along a flue P over N, ITie boilers should be 
strengthened by internal frames disposed in triangles, and so as to aSbrd supports for the flues. 

Fig. 3. is a longitudinal section through the boiler, and one of the fire places ; the same letters 
refer to the same parts in all the figures, (see art. 239—214 ;) for the fire and flue surface (art. 
204}} for the capacity (art. 215-^20;) forlhe'area nf the chimney (art 273;) for safety valves (art. 
269— 272 i) for the strength of boilers (art, 525;} and for the management of sea water (art. 565.) 



